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ABSTRACT 
Bowen-Jones , A . : "A b e h a v i o u r a l s t u d y o f i n f a n t f e e d i n g " 
The main p a r t o f t h i s t h e s i s s e t s o u t t o s t u d y t h e s e q u e n t i a l o r g a n i s a t i o n 
o f s u c k i n g d u r i n g normal b r e a s t f e e d i n g . Data on b r e a s t f e e d i n g a r e sca rce 
when compared w i t h t h e l a r g e body o f work on s u c k i n g d u r i n g b o t t l e f e e d i n g . 
One o f t h e i n i t i a l ou tcomes i s t h a t on t h e f i r s t b r e a s t , as compared 
w i t h t h e s e c o n d , s u c k i n g i s s i o w e r o v e r a 1 1 . The w i d e l y - q u o t e d d icho tomy 
between n u t r i t i v e and n o n - n u t r i t i v e modes o f suck i ng i s n o t u p h e l d . R a t h e r , 
t h e o r g a n i s a t i o n o f s u c k i n g e x h i b i t s comp le te g r a d a t i o n between t nese two 
r h y t h m s , and p a u s i n g i s a l w a y s a f e a t u r e o f s u c k i n g on t h e b r e a s t . 
S u c k i n g p a t t e r n s were a l s o seen t o change p r o g r e s s i v e l y t h r o u g h t h e f e e d , 
and a t t e m p t s a r e made t o a c c o u n t f o r t h e s e changes u s i n g s e v e r a l d i f f e r e n t 
a p p r o a c h e s . 
S u c k i n g p a t t e r n s , i n p a r t i c u l a r s u c k i n g r a t e , d u r i n g b r e a s t f e e d i n g 
appea r t o be d e t e r m i n e d l a r g e l y by t h e r a t e o f m i l k f l o w r a t h e r than by 
t h e b a b y ' s h u n g e r , f a t i g u e o r b e h a v i o u r a l s t a t e , a l t h o u g h t h e c o n c u r r e n t 
changes i n m i l k c o m p o s i t i o n canno t be r u l e d o u t s i n c e changes in m i l k f l o w and 
c o m p o s i t i o n on t h e b r e a s t c a n n o t be d i s s o c i a t e d . However, t h e p r o b a b i l i t y o f 
t h e baby s u c k i n g a t any one t i m e i s l e s s s t r o n g l y c o r r e l a t e d w i t h m i l k f l ov / 
r a t e . An a t t e m p t i s made t o p l a c e t h e f i n d i n g s in t h e i r e v o l u t i o n a r y and s o c i a l 
c o n t e x t . 
( i i i ) 
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CHAPTER 1 
THE MAMMARY GLANDS AND LACTATION 
1 . 1 . I n t r o d u c t i o n 
L a c t a t i o n Is u n i q u e t o , and d e f i n e s , the mammalian c l a s s . I t i s the 
means o f p r o v i d i n g food and w a t e r f o r t h e young u n t i l t hey a r e a b l e t o 
f end f o r t h e m s e l v e s . Mammary g l ands have e v o l v e d , p r o b a b l y f r o m a p o c r i n e 
sweat g l a n d s ( S a l a z a r , Tobon and J o s i m o v i c h , 1975 ) , t o s e c r e t e m i l k and make 
i t a v a i l a b l e t o t h e y o u n g . 
The m i l k i s s e c r e t e d c o n t i n u o u s l y t h rough the day . I t t hen has t o 
be s t o r e d so as no t t o l e a k o u t bu t in a way t h a t a l l o w s i t t o be m o b i l i s e d 
f r o m t h e s e c r e t o r y l o b u l e s when a p p r o p r i a t e . In g ross ana tomy, w ide v a r i a t i o n 
i s seen i n a l m o s t e v e r y f e a t u r e o f t he mammary g land i n mee t i ng these 
r e q u i r e m e n t s f o r d i f f e r e n t mammalian s p e c i e s . The g l a n d s v a r y i n t h e i r 
number, t h e i r s i t u a t i o n , t h e i r s i z e and i n the channe ls t h r o u g h wh i ch t h e 
m i l k i s made a v a i l a b l e t o t h e y o u n g . A few examples w i l l i l l u s t r a t e t h e 
d i v e r s i t y s e e n , and then t h e human mammary g land w i l l be d e s c r i b e d i n 
d e t a i l . 
In e c h i d n a , a member o f t h e most " p r i m i t i v e " s u b - c l a s s o f mammals, 
t h e P r o t o t h e r i a , t h e young ha tches o u t o f i t s egg i n a pouch i n t he 
abdomina l w a l l o f t h e mother (Cowie and T i n d a l , 1971 ) . There a r e two mammary 
g l a n d s i n t h e p o u c h , one on e i t h e r s i d e o f the abdomen. They have no a c t u a l 
t e a t s b u t t h e m i l k - s e c r e t i n g l o b u l e s o f each g l and open t o the e x t e r i o r a t 
t h e two a r e o l a e , where t h e m i l k i s a c t i v e l y sucked by t he o f f s p r i n g f rom 
n i p p l e - l i k e p r o t r u b e r a n c e s ( G r i f f i t h s , 1968 ) . 
In t h e m a r s u p i a l s ( s u b - c l a s s M e t a t h e r i a ) , the mammary g l a n d s , o f wh ich 
t h e r e may be two t o t w e n t y - f i v e , have n i p p l e s and a re u s u a l l y l o c a t e d i n 
t h e pouch (Cowie and T i n d a l , 1 9 7 1 ) . In t h e Kangaroo, t he m inu te new-born 
young c r a w l s t o i t s m o t h e r ' s poych where i t becomes p e r m a n ^ t l y - - a t t a c h e d 
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2 OCT 1981 
SECTION 
2 
t o one o f t h e f o u r n i p p l e s . O f t e n , two g e n e r a t i o n s o f young a r e s u c k l e d 
s i m u l t a n e o u s l y , t h e "young on f o o t " r e t u r n i n g t o suck i t s o r i g i n a l t e a t 
w h i c h may by now be up t o 7.5cm l o n g and d a n g l i n g o u t o f t h e pouch . T h i s 
mammary g l a n d w i l l be a t q u i t e a d i f f e r e n t s tage o f deve lopment f rom t h a t 
n o u r i s h i n g t h e o t h e r , v e r y y o u n g , o f f s p r i n g , and t h e c o m p o s i t i o n o f t h e m i l k 
p roduced by t h e two g l a n d s i s a l s o q u i t e d i f f e r e n t . 
The t h i r d and l a r g e s t s u b - c l a s s i s t h a t o f t h e E u t h e r i a , o r p l a c e n t a l 
mammals. They a r e adap ted t o a w i d e range of h a b i t a t s and t h e mammary 
g l a n d s show c o r r e s p o n d i n g d i v e r s i t y . For example , t h e two g l a n d s o f t h e 
wha le a r e l o n g , n a r r o w and f l a t , l y i n g e i t h e r s i d e o f t h e v e n t r a l m id~1 ine 
w i t h t h e i r n i p p l e s recessed on e i t h e r s i d e o f t h e g e n i t a l s l i t ( S l i j p e r , 
1 9 6 2 ) . T h i s s t r e a m l i n e d a r rangemen t i s s u i t e d t o an a q u a t i c e n v i r o n m e n t . 
P r i m a t e s have one o r more p a i r s o f mammary g lands on t h e v e n t r a l s u r f a c e 
and u s u a l l y n o t o n l y t h e r e s t i n g g l a n d b u t a l s o t h e l a c t a t i n g g l a n d l ooks 
f l a t . 
J u s t as t h e r e i s a w i d e range i n t h e s t r u c t u r e o f mammary g l a n d s , so 
t h e r e i s a w i d e range o f f e e d i n g p a t t e r n s ; f rom the c o n t i n u o u s f e e d i n g , 
o r , a t l e a s t , c o n t i n u o u s p resence on t h e t e a t , o f M e t a t h e r i a n y o u n g , t o 
h o u r l y f e e d i n g i n t h e p i g , r i g h t t h r o u g h t o the one day a week o f f e e d i n g 
r e c e i v e d by t h e n o r t h e r n f u r sea l pup ( H a r r i s o n , I 9 6 9 ) . The c o m p o s i t i o n 
o f t h e m i l k v a r i e s w i t h f e e d i n g p a t t e r n s ; i n f r e q u e n t f e e d e r s r e c e i v e h i g h -
c a l o r i e , f a t and p r o t e i n r i c h m i l k , whereas f r e q u e n t f e e d e r s r e c e i v e low 
f a t , low p r o t e i n m i l k ( B l u r t o n J o n e s , 1 9 7 2 ) . 
V'2= The human " i a n i " i a £ / . . ^ J J ^ . ^ l ' . l t ! ' . ^ ! , ! . ! . 
The f e m a l e b r e a s t i s a r o u g h l y h e m i s p h e r i c a l o r g a n , v a r i a b l e i n shape 
and s i z e , e x t e n d i n g f r o m t h e second r i b down t o t he s i x t h c o s t a l c a r t i l a g e 
and su rmoun ted by a n i p p l e . The n i p p l e i s su r rounded by t h e t u b e r c l e d 
a r e o l a r a r e a , w h i c h can be rega rded as an e x t e n s i o n o f t h e n i p p l e ; i t has a 
3 
v e r y s i m i l a r e p i d e r m a l s t r u c t u r e and i s f u n c t i o n a l l y a " c o n t i n u a t i o n o f 
t h e o r g a n o f s u c k i n g " (Cooper , 1 8 ^ 0 ) . 
The anatomy o f t h e b r e a s t has been d e s c r i b e d b e a u t i f u l l y and i n d e t a i l 
by t h i s a u t h o r . I n t e r n a l l y , t h e b r e a s t c o n s i s t s o f g l a n d u l a r and f a t t y 
t i s s u e , t h e p r o p o r t i o n s o f w h i c h v a r y f r om i n d i v i d u a l t o i n d i v i d u a l and 
w i t h t h e s t a g e o f t h e r e p r o d u c t i v e c y c l e . Embedded i n t he f a t i s t h e 
g l a n d u l a r t i s s u e w h i c h i s d i v i d e d by f i b r o u s t i s s u e s e p t a i n t o 15 - 20 i n t e r -
r a m i f y i n g b u t unconnec ted l obes w h i c h each c o n s i s t o f s e v e r a l l o b u l e s . 
Each l o b u l e i s w e l l - s u p p l i e d w i t h b l o o d and lymph v e s s e l s and w i t h n e r v e s , 
and i s s u b d i v i d e d i n t o thousands o f a l v e o l i , w h i c h s e c r e t e the m i l k . Small 
d u c t s l e a d f r o m t h e a l v e o l i and merge i n t o the main l a c t i f e r o u s d u c t s wh i ch 
w i d e n i n t o d i s t e n s i b l e l a c t i f e r o u s s i n u s e s undernea th t h e a r e o l a . These 
s i n u s e s open t o t h e e x t e r i o r v i a 6 - 1 5 m i l k d u c t s i n t h e n i p p l e (see 
Fi g u r e 1 . 1 ) . 
In t h e " r e s t i n g " b r e a s t t h e p r o p o r t i o n o f s e c r e t o r y t i s s u e i s l o w . 
One o f t h e f i r s t s i g n s o f p regnancy i s a f e e l i n g o f f u l l n e s s o r t i g h t n e s s 
i n t h e b r e a s t s and an I n c r e a s e i n t h e i r s i z e , due p r i m a r i l y t o t he 
p r o l i f e r a t i o n o f d u c t s , l o b u l e s and then a l v e o l i (Cowie and T i n d a l , 1 9 7 1 ) . 
By m i d - p r e g n a n c y t h i s g r o w t h s lows down and d i f f e r e n t i a t i o n o f a l v e o l a r 
t i s s u e i n p r e p a r a t i o n f o r m i l k s e c r e t i o n takes p l a c e . Mammary b l ood f l o w 
i s a l m o s t d o u b l e d and f r o m m i d - t e r m o n w a r d s , c o l o s t r u m beg ins t o be 
s e c r e t e d i n sma l l q u a n t i t i e s and can be e x p e l l e d f r o m t h e n i p p l e s ( V o r h e r r , 
1 9 7 A ) , 
A f t e r p a r t u r i t i o n , t h e i n i t i a t i o n o f l a c t a t i o n , ev idenced by t h e f l o w 
o f c o l o s t r u m , i s t r i g g e r e d by a d r a m a t i c f a l l i n t h e l e v e l o f i n h i b i t o r y 
c i r c u l a t i n g s t e r o i d s ( M c N e i l l y , 1977 ) - L a c t a t i o n o c c u r s even i f d e l i v e r y 
i s p r e m a t u r e , i n f a c t i t has been reco rded a f t e r o n l y f o u r months o f pregnancy 
(Newton , 1 9 6 1 ) . M i l k s e c r e t i o n beg ins whe the r o r no t t h e b r e a s t s a r e 
F i g u r e 1 . 1 : Duc ts and g l a n d u l e s o f t h e human b r e a s t ; a pho tog raph 
o f P l a t e Vl f r o m Cooper (1840) 
C o l o u r e d waxes were i n j e c t e d t h r o u g h t he g a l a c t o p h o r e s i n t o t h e d u c t s y s t e m . 
The d u c t s were t hen d i s p l a y e d by m a c e r a t i o n and d i s s e c t i o n o f t he b r e a s t . 
The o r i g i n a l c a p t i o n s a r e : 
(1) L a c t i f e r o u s tubes o r d u c t s i n j e c t e d w i t h red wax, showing t h e i r 
r a d i a t e d d i r e c t i o n , a n d , i n some p l a c e s , t h e i r i n t e r r a m i f i c a t i o n . 
(2) Mammary d u c t s i n j e c t e d w i t h r e d , y e l l o w , b l a c k , g reen and b rown , and 
seen l e s s i n t e r m i x e d t han t he f o r m e r . 
(3 ) Duc ts i n j e c t e d more m i n u t e l y w i t h y e l l o w , r e d , g r e e n , b l ue and b l a c k . 
T h i s p r e p a r a t i o n shows two a d d i t i o n a l c i r c u m s t a n c e s : - F i r s t , t he g l a n -
d u l e s f r o m w h i c h t h e d u c t s b e g i n a r e seen f i l l e d w i t h wax. S e c o n d l y , 
a t t h e lower p a r t o f t h e p r e p a r a t i o n t he s e p a r a t e d u c t s a r e seen p a s s i n g 
above and beneath a r e s i n g l e . 
(k) T h i s p r e p a r a t i o n e x h i b i t s t he a n t e r i o r f o l d s o f the b r e a s t ; some o f t he 
d u c t s a r e i n j e c t e d , and t h e g l a n d u l e s o f t h e b r e a s t upon t he s u r f a c e o f 
t he f o l d s a r e f i l l e d w i t h wax. T h i s i s o n l y a p a r t , bu t the who le o f the 
b r e a s t when w e l l i n j e c t e d and d i s s e c t e d , has a s i m i l a r appea rance . 
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sucked, however, i ts continuation beyond a few days with the production of 
normal amounts of milk depends upon adequate sucking stimulation 
Pro lact in is the key hormone in the production of milk, although other 
hormones, for example growth hormone and i n s u l i n , may be involved (McNeilly, 
1965) Pro lac t in is produced by the anter ior p i tu i tary (adenohypophys1s), 
and, in the absence of progesterone, acts d i rec t l y upon the alveolar c e l l 
membrane to i n i t i a t e and stimulate the synthesis and release of milk 
prote ins , lactose and l ip ids Prolact in levels in the blood of women 
increase s tead i l y through pregnancy unt i l the las t month and begin to f a l l 
a few days a f t e r del ivery The decl ine is more rapid in mothers who do not 
breast feed (Bonnar et a l , 1975) The mammary epithelium is prevented 
from responding to the high prolact in levels during pregnancy by the 
inhibi tory e f fec ts of fetoplacental oestrogen (Bruce and Ramirez, 1970, 
Brun del Re et a l , 1973) and, more e s p e c i a l l y , progesterone, blood levels 
of which a lso increase towards term (Bonnar et a l , 1975) As already 
mentioned, l eve ls of these steroids decl ine precipi tously following 
pa r tu r i t i on , i n i t i a t i n g milk production 
Prolact in is released in response to mechanical stimulation of the 
nipple and areola (Hwang, Guyda and F r i e s e n , 1971> Bonnar et a l , 1 9 7 5 ) , 
which leads to r e f i l l i n g of the breasts The amount of prolact in released 
is d i r e c t l y proportional to the intensity and duration of the stimulation 
(Tyson, 1 9 7 7 ) , and the quantity of milk secreted shows a s i m i l a r , but delayed, 
response to the amount of sucking stimulation (Egl 1 , Egl 1 and Newton, 1961) 
An i l l u s t r a t i o n of the re la t ionship between sucking and prolact in response 
comes from the successful breast feeding of twins, the prolact in released 
when both infants are fed simultaneously is double that when one is fed 
(Tyson, 1977) 
Anaesthesia of the nipple prevents the release of prolact in (Tyson, 
6 
1977)» showing t h e s t i m u l u s t o be a n e u r a l one . I t i s i n t e r e s t i n g , t h e r e -
f o r e , t o n o t e t h a t t h e r e Is a d r a m a t i c i n c r e a s e i n n i p p l e s e n s i t i v i t y a t 
p a r t u r i t i o n (Rob inson and S h o r t , 1 9 7 7 ) ; t h i s m igh t enhance t h e p r o l a c t i n 
r esponse t o s u c k i n g . P r o l a c t i n i s n o t r e l e a s e d when , f o r e x a m p l e , t he mother 
p l a y s w i t h t h e baby b e f o r e f e e d i n g , so i t s r e l e a s e i s u n l i k e l y t o be 
c o n d i t i o n a b l e ( N o e l , Suh and F r a n t z , 1 9 7 ^ ) . 
S u c k i n g o r s i m i l a r s t i m u l a t i o n o f t h e n i p p l e i s necessa ry f o r f u l l 
l a c t a t i o n , t h e i n i t i a t i o n o f w h i c h i s g e n e r a l l y f e l t as t h e sudden 
" c o m i n g I n " o f t h e m i l k a t 2 - 5 days pos tpa r tum ( V o r h e r r , 1 9 7 ^ ) . The 
sooner a f t e r b i r t h t h e baby i s p u t t o t h e b r e a s t , and t h e more o f t e n f e e d i n g 
t a k e s p l a c e , t h e more q u i c k l y t h e m i l k "comes i n " and t h e l e s s t i m e i t t akes 
f o r h im t o r e g a i n h i s b i r t h - w e i g h t ( A r c h a v s k i , 1 9 5 2 ) . The e f f e c t i v e n e s s 
o f t h e p r o l a c t i n r e f l e x i s i l l u s t r a t e d by the f a c t t h a t l a c t a t i o n can be 
i n i t i a t e d by r e p e a t e d mechan ica l s t i m u l a t i o n o f t h e n i p p l e a l o n e i n , f o r 
e x a m p l e , m i d d l e - a g e d g randmothe rs (S lome, 1956) and pos t -menopausa l women 
(Newton , 1 9 6 1 ) , 
G iven adequa te mechan ica l s t i m u l a t i o n o f t h e n i p p l e and t he r e g u l a r 
removal o f m i l k , l a c t a t i o n can c o n t i n u e a lmos t i n d e f i n i t e l y , p r o v i d e d 
m a t e r n a l n u t r i t i o n i s s a t i s f a c t o r y , Newton ( I 9 6 I ) c i t e s women l a c t a t i n g 
c o n t i n u o u s l y f o r f o u r o r more y e a r s , and w e t - n u r s e s o f t e n nursed one baby 
a f t e r a n o t h e r f o r many y e a r s . I t i s e a s i e r t o c o n t i n u e l a c t a t i o n i f 
f e e d i n g i s on demand ( M c N e i l l y , 1 9 7 7 ) . 
L a c t a t i o n i s dependent upon adequa te removal o f m i l k , bu t t h e b r e a s t s 
can accommodate i n c r e a s e d q u a n t i t i e s o f m i l k f o r up t o ^8 hours b e f o r e m i l k 
p r o d u c t i o n d e c l i n e s ( V o r h e r r , 1 9 7 ^ ) , a l t h o u g h t h i s degree o f engorgement i s 
v e r y p a i n f u l f o r t h e m o t h e r . I n v o l u t i o n o f the s e c r e t o r y t i s s u e s f o l l o w s , 
p r i m a r i l y In. response t o l o c a l mechan ica l f a c t o r s a r i s i n g f r om t h e p r e s s u r e 
o f m i l k , r a t h e r than t o hormonal c h a n g e s , and l a c t a t i o n I s t h e r e b y suppressed 
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(Newton , I 9 6 I ; Mayer and K l e i n , 1 9 6 1 ) . 
1 , 3 : The m i l k e j e c t i o n r e f l e x 
In e v e r y mammal w h i c h has been s t u d i e d , m i l k i s e j e c t e d as a response 
t o s u c k l i n g . The o n l y s a t i s f a c t o r y e x p l a n a t i o n f o r t h i s phenomenon i s t h a t 
t h e s u c k i n g s t i m u l i cause ne rvous e x c i t a t i o n o f t h e n e u r o s e c r e t o r y f i b r e s 
o f t h e n e u r o h y p o p h y s i s , and r e l e a s e o f o x y t o c i n f r om t h e i r v e s i c l e s . The 
o x y t o c i n t h e n c i r c u l a t e s i n t h e b l o o d and causes t h e m y o e p i t h e l i a l c e l l s 
o f t h e mammary g l a n d t o c o n t r a c t , e j e c t i n g t he m i l k and making i t a v a i l a b l e 
t o t h e baby . T h i s p r o c e s s i s known as t h e d r a u g h t , l e t - d o w n , o r m i l k 
e j e c t i o n , and d e s p i t e t h e d i v e r s i t y o f mammary g l a n d s t r u c t u r e and o f 
f e e d i n g p a t t e r n s seen w i t h i n t h e c l a s s , i t seems t o be found i n a l l mammals. 
In t h o s e such as t h e goa t and t h e sheep , i t i s no t e s s e n t i a l f o r m i l k 
r e m o v a l , p a r t l y because t h e s e a n i m a l s have l a r g e c i s t e r n s and s i n u s e s i n 
t h e i r mammary g l a n d s c o n t a i n i n g m i l k w h i c h i s i m m e d i a t e l y a c c e s s i b l e (by 
" p a s s i v e " w i t h d r a w a l ) . But t h e adequa te f u n c t i o n i n g o f t h e m i l k e j e c t i o n 
r e f l e x i s e s s e n t i a l f o r s u c k l i n g in woman (Newton and Newton, I 9 6 7 ) , as 
i n t h e p i g and t h e r a t . 
The knowledge t h a t t h e m i l k o f a l a c t a t i n g an ima l i s no t a lways r e a d i l y 
a v a i l a b l e b u t t h a t i t g e n e r a l l y becomes a v a i l a b l e p r e c i p i t a t e l y upon s u c k l i n g 
o r m i l k i n g o r i n t h e p resence o f a n o t h e r s u i t a b l e s t i m u l u s goes back i n t o 
a n t i q u i t y (Amoroso and J e w e l l , I 9 6 3 ) . E a r l y f a r m e r s made v e r y good use 
o f s t i m u l i such as t h e p resence o f t h e c a l f i n o r d e r t o o b t a i n m i l k f o r 
t h e m s e l v e s . P r a c t i c a l knowledge o f t h e e f f e c t s o f the l e t - d o w n i n women i s 
a l s o v e r y o l d ( F o l l e y , 1 9 6 9 ) . A s t l e y Cooper (1840) t a l k s abou t t h e 
" d r a u g h t " f u r n i s h i n g an abundant s t r e a m o f m i l k by a " v i s a t e r g o " , i . e . a 
p r o p u l s i v e f o r c e o p e r a t i n g f r o m b e h i n d , once t h e smal l amount i n t h e m i l k 
s i n u s e s was d r a i n e d , and o f t h i s m i l k " s p i r t i n g in t h e i n f a n t ' s e y e s " i f 
he d i d n o t c a t c h t h e n i p p l e i m m e d i a t e l y . 
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The f i r s t s t a g e o f t h e m i l k e j e c t i o n r e f l e x c o n s i s t s o f a f f e r e n t 
n e u r a l i n p u t s f r o m t h e mammary g l a n d w h i c h t r i g g e r the r e l e a s e o f t he 
p o l y p e p t i d e hormone o x y t o c i n f r o m the p o s t e r i o r p i t u i t a r y . The n i p p l e , 
o r t e a t , I s v e r y s e n s i t i v e t o t a c t i l e s t i m u l i and i t s s e n s i t i v i t y i nc reases 
d u r i n g p regnancy (Rob inson and S h o r t , 1977). I t i s r i c h l y s u p p l i e d w i t h 
n e r v e e n d i n g s , e s p e c i a l l y a t i t s base (where maximal s t i m u l a t i o n can be 
e x p e c t e d f r o m the i n f a n t ' s gums d u r i n g s u c k i n g ) ; i n f a c t i t i s one o f the 
most h i g h l y i n n e r v a t e d t i s s u e s o f t h e body ( L a n c e t , 19^9; Cowie and 
T i n d a l , 1971). R e c e p t o r s i n t he n i p p l e and a r e o l a t r a n s f o r m s t i m u l i i n t o 
n e r v e Impu lses w h i c h t r i g g e r t he r e l e a s e o f o x y t o c i n . The s t i m u l i wh i ch have 
t h i s v e f f e c t a r e t o u c h , p r e s s u r e , and ex t remes o f t e m p e r a t u r e , o f w h i c h t he 
most e f f e c t i v e s i n g l e f a c t o r seems t o be touch (Sa la e t a l , 197^), t ouch and 
p r e s s u r e t o g e t h e r h a v i n g maximal e f f e c t , i n a d d i t i o n , t h o u g h t s o f the baby 
o r o f f e e d i n g , c o n d i t i o n e d responses t o even t s a s s o c i a t e d w i t h f e e d i n g , and 
c e r v i c a l d i l a t i o n , may cause m i l k e j e c t i o n ( I s b i s t e r , 195^5 S i c a - B l a n c o , 
u n p u b l i s h e d d a t a q u o t e d by C a l d e y r o - B a r c i a , 1969). 
The o x y t o c i n t h e n c i r c u l a t e s i n t h e b lood and when i t reaches t h e myo-
e p i t h e l i a l c e l l s o f t h e a l v e o l i and d u c t s i t s t i m u l a t e s them t o c o n t r a c t ; 
t h e m i l k i s f o r c e d o u t o f t h e a l v e o l i and i n t o t he s i n u s e s , and may even 
j e t o u t o f t h e n i p p l e . The s e c r e t o r y a l v e o l i a r e su r rounded by a ne twork 
o f s t e l l a t e m y o e p i t h e l i a l c e l l s , and s p i n d l e - s h a p e d m y o e p i t h e l i a l c e l l s 
l i e a l o n g t h e f i n e r d u c t s , becoming denser as t h e d u c t s i n c r e a s e i n s i z e 
( P i t e l k a and Hamamoto, 1977). T h e i r e x i s t e n c e was known t o 19th c e n t u r y German 
h i s t o l o g i s t s ( L i n z e l l , 1952) and t h e i r c o n t r a c t i l e f u n c t i o n c o r r e c t l y p o s t u l a t e d , 
However , t h i s work was g e n e r a l l y f o r g o t t e n so t h a t when E ly and Pe te rsen p u t 
f o r w a r d t h e i r t h e o r y o f t h e n e u r o e n d o c r i n e mi I k e j e c t i o n r e f l e x i n 19^1, 
t h e e x p u l s i v e f o r c e was t h o u g h t t o be p r o v i d e d by smooth m u s c l e . The f u l l 
e x t e n t o f t h e m y o e p i t h e l i a l n e t w o r k was demons t ra ted by R i c h a r d s o n (1949, 
1951). Soon a f t e r , L i n z e l l (1952) s t a i n e d c e l l s f rom d i s t e n d e d mammary 
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g l a n d s o f s e v e r a l s p e c i e s and t h e s e f r o m g lands p r e v i o u s l y e m p t i e d by t h e 
i n j e c t i o n o f o x y t o c i n , t h e r e b y showing t he way i n w h i c h t hey c o n t r a c t . 
The m y o f i b r i l s w i t h i n t h e m y o e p i t h e l i a l c e l l s c o n t r a c t i n response 
t o o x y t o c i n f r om t h e c a p i l l a r y b e d , w i t h wh ich they a r e i n c l o s e a s s o c i a t i o n . 
In d o i n g s o , t he long t a p e r i n g b ranched c e l l s become s h o r t and f a t , i n c r e a s i n g 
t he p r e s s u r e w i t h i n t h e e l a s t i c a l v e o l i , and t he f i n e d u c t s become w i d e r 
and s h o r t e r t o a l l o w f o r r a p i d passage o f m i l k . Thus t h e b u l k o f the s t o r e d 
m i l k i s squeezed i n t o t h e l a r g e r d u c t s and s inuses and made a c c e s s i b l e t o 
t he baby . M y o e p i t h e l i a l c e l l s a l s o c o n t r a c t i n the same way as a d i r e c t 
response t o l o c a l mechan ica l s t i m u l a t i o n ( t he " t a p r e f l e x " : C r o s s , 1 9 5 ^ ) . 
1 • ^ • I n h i b i t ion o f m i l k eJect ion by s t r e s s 
A s t l e y Cooper , t he su rgeon and a n a t o m i s t , was a l s o no mean p s y c h o l o g i s t . 
" L a c t a t i o n i s one o f t hose f u n c t i o n s w h i c h are s u b j e c t t o g r e a t changes 
f rom men ta l i m p r e s s i o n s . . . and p roceeds bes t i n a t r a n q u i l s t a t e o f m i n d " 
( A s t l e y Cooper , op c i t , 1 8 4 0 ) . He t hen l i s t s "a f r e t f u l t emper , f i t s o f a n g e r , 
g r i e f , a n x i e t y o f m i n d , f e a r and t e r r o r " as f a c t o r s w h i c h w i l l decrease o r 
h a l t t h e f l o w o f m i l k . Newton and Newton (19^8) showed t h a t s t r e s s e s such 
as f e a r , d i s c o m f o r t o r embarassment reduce the amount o f m i l k a v a i l a b l e t o 
t he baby a t t h a t f e e d . 
W i t h t h e e l u c i d a t i o n o f t he hormonal bas i s o f l a c t a t i o n , t hese o b -
s e r v a t i o n s have been e x p l a i n e d i n te rms o f the s u s c e p t i b i l i t y o f t he m i l k 
e j e c t i o n r e f l e x t o d i s r u p t i o n by a w ide range o f s t r e s s f u l f a c t o r s , such 
t h a t when i t i s b l o c k e d , t h e m i l k , a l t h o u g h i t may be p l e n t i f u l i n t he g l a n d , 
i s no t a v a i l a b l e t o t h e y o u n g . 
S t r e s s c o u l d i n h i b i t t h e m i l k e j e c t i o n r e f l e x i n a number o f d i f f e r e n t 
ways , as f o l l o w s ; 
A. C e n t r a l ; n e u r a l i n h i b i t i o n o f o x y t o c i n r e l e a s e 
B. P e r i p h e r a l ; r e d u c t i o n o f t he response of t he g l a n d t o c i r c u l a t i n g 
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o x y t o c i n , by: 
( i ) c o n s t r i c t i o n o f blood vessels by adrena l in 
( i i ) sympa the t i ca l l y mediated increased res is tance o f mammary 
ducts and/or sph inc te rs to m i l k f low 
( i l l ) d i r e c t i n h i b i t i o n by ad rena l i n of the ac t i on of oxy toc in on 
myoep i t he l i a l c e l l s . 
As regards the r e l a t i v e importance o f the cen t ra l and per iphera l 
mechanisms, i t seems t h a t the cen t ra l is the more important (B i sse t , 
197^) . Cross (1955) , work ing w i t h r a b b i t s , concluded tha t the main fac to r 
i n the b lock ing o f m i l k e j e c t i o n is the i n h i b i t i o n o f oxy toc in release 
from the neurohypophysis. He concluded tha t the evidence a v a i l a b l e at 
t ha t t ime went aga ins t the ex is tence o f B ( i i i ) (above). However, evidence 
f o r the d i r e c t i n h i b i t i o n o f the ac t i on o f oxy toc in has since accumulated. 
Vorherr (1971) has shown tha t«< . - r ecep to r s are present in the mammary blood 
vessels a n d ^ - r e c e p t o r s in the myoep i the l i a l c e l l s : upon contact w i t h 
adrenal i n , «>C-receptors cause c o n s t r i c t i o n of the blood vessels (B ( i ) ) , 
and / ^ - r e c e p t o r s , r e l a x a t i o n o f the myoepithel ium (B ( i l l ) ) . I t seems 
tha t in the l a t t e r case there is d i r e c t compet i t ion between oxy toc in and 
ad rena l i n f o r the receptor s i t e s on the myoep i the l ia l c e l l s ; the s t reng th 
o f the m i l k e jec t ion depends upon t h e i r r e l a t i v e p ropo r t i ons . The res is tance 
of mammary ducts may a lso play a minor ro le - Grosvenor e t al (1972) 
have shown t h a t in ra t s some d i f f u s e motor cont ro l o f ducta l and vascular 
tone is exer ted by the sympathet ic nervous system, and that t h i s Is 
s e n s i t i v e to both cen t ra l and per iphera l f a c t o r s . I t is worth remembering 
t ha t cond i t i oned i n h i b i t i o n o f oxy toc in release has never been d i r e c t l y 
demonstrated in humans. 
I t has been said ( f o r example, Newton, 1972) t ha t the i n h i b i t i o n o f m i lk 
e j e c t i o n by s t ress makes good s u r v i v a l sense s ince i t would be unwise to 
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n u r s e t h e y o u n g , and t h e r e f o r e t o be i m m o b i l i s e d and v u l n e r a b l e , i n t ense 
o r dangerous s i t u a t i o n s . However, n o t m i l k e j e c t i n g i s one t h i n g ; no t 
n u r s i n g i s a n o t h e r . T h e r e i s no e v i d e n c e t h a t n u r s i n g i s i n h i b i t e d i n 
s t r e s s f u l s i t u a t i o n s . 
^ • 5 : jjLrj^ .'r-^ -'dI-^ -...9f .^ll^- j , ^ r e l a t e d t o J u n c t i o n 
N u r s i n g i s f a c i l i t a t e d by a happy c o n c i n n i t y o f a d a p t a t i o n s i n the 
b r e a s t and i n t h e b a b y ; f o r i n s t a n c e , t h e bumpy s u r f a c e o f t h e a r e o l a and 
n i p p l e i s complemented by s u c k i n g pads on the b a b y ' s l i p s . 
The n i p p l e i s e x t r e m e l y i m p o r t a n t . W i t hou t i t , t he i n f a n t c o u l d no t 
o b t a i n t h e m i l k s e c r e t e d by t h e g l a n d . Ano ther v i t a l r o l e i s i n h e l p i n g 
t o r e t a i n m i l k between f e e d s . The m i l k duc ts decrease i n d i a m e t e r towards 
t h e t i p o f t h e n i p p l e (Cooper , 18^(0); b u t t h i s a l o n e wou ld no t s u f f i c e t o 
r e t a i n t h e m i l k . I t was once t h o u g h t l i k e l y t h a t a mechanism e x i s t e d i n 
t h e n i p p l e t o a c t as a s p h i n c t e r ( H a r r i s and P i c k l e s , 1953). Subsequen t l y 
i t was found t h a t t h e smooth musc le s u r r o u n d i n g t he l a r g e r m i l k d u c t s can 
reduce t h e i r c a l i b r e and t h e r e f o r e impede the passage o f m i l k ( V o r h e r r , 
197^; C r o s s , 1 9 7 7 ) . S y m p a t h e t i c nervous a c t i v i t y can a l s o have t h i s e f f e c t , 
These f a c t o r s a r e , however , overcome when the p r e s s u r e o f m i l k f r om w i t h i n 
t h e g l and i s g r e a t enough t o cause i t t o s t ream f rom the o r i f i c e s o f t h e 
n i p p l e ( B i s s e t , 197^) , 
The p r o t r a c t i I i t y and c o m p r e s s i b i l i t y o f t h e f l e x i b l e t i s s u e s o f t h e 
n i p p l e and a r e o l a a r e a p p a r e n t l y more i m p o r t a n t t han n i p p l e shape f o r 
s u c c e s s f u l b r e a s t f e e d i n g ( G u n t h e r , 1 9 5 5 ) ; t he baby g rasps t h e a r e o l a 
w i t h i t s l i p s and gums and draws o u t t h e n i p p l e between t h e p a l a t e and 
t h e gums t o resemb le " a c h e r r y on t h e end o f a w i d e s o f t s t a l k " ( L a n c e t , 
19^9 ) . The t e a t t h u s formed f i l l s t h e l e n g t h o f the mouth and s t i m u l a t e s 
t h e baby t o suck ( G u n t h e r , 1955, 1 9 5 8 ) . P r o t r a c t i 1 i t y o f t h e n i p p l e 
i n c r e a s e s as a r e s u l t o f t h e p h y s i o l o g i c a l changes o f pregnancy ( H y t t e n 
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and B a i r d , 1 9 5 8 ) . The n i p p l e i n c r e a s e s i n diameter ( H y t t e n and B a i r d , 
1 9 5 8 ) and i n l e n g t h ( f r o m ~ |" up t o 1" ) , and i t s usual cone-shape 
becomes r e v e r s e d , i . e . i t i s now b r o a d e s t a t i t s e x t r e m i t y (Cooper> 18^0). 
As t h i s a u t h o r p o i n t e d o u t , t h i s shape renders t h e adhesion o f the c h i l d ' s 
mouth "much more f i r m and c o m p l e t e . " 
The n i p p l e e l o n g a t e s d u r i n g s u c k i n g . This i s due both t o t h e pa s s i v e 
s t r e t c h i n g e f f e c t o f t h e p r e s s u r e i n t h e c h i l d ' s mouth and t o t h e c o n t r a c t i o n 
o f t h e complex network o f smooth muscle f i b r e s around t h e base o f the 
n i p p l e and beneath t h e a r e o l a , i n response to t o u c h i n g t h e n i p p l e o r 
a r e o l a r a r e a ^ w h i c h makes t h e f l a c c i d n i p p l e s t a n d o u t f i r m l y , (Lancet,19^9; 
Cowie and T i n d a l , 1971). T h i s enhances i t s e f f e c t i v e n e s s i n s t i m u l a t i n g 
t h e baby's r o o t i n g r e f l e x . R e f l e x e r e c t i o n o f t h e n i p p l e occurs i n most 
mammals, i n response t o t h e i n f a n t ' s l i p s on t h e n i p p l e , t h e p u l l i n g o f t h e 
n i p p l e i n t o t h e mouth, and t h e mechanical s t i m u l a t i o n i t r e c e i v e s d u r i n g 
s u c k i n g . A r d r a n , Kemp and L i n d ( 1 9 5 8 b ) , i n a c i n e r a d i o g r a p h i c study o f 
b r e a s t f e e d i n g , mention t h a t t h e t e a t formed f r o m t h e a r e o l a and n i p p l e i s 
c y l i n d r i c a l , as wide o r w i d e r than t h e r e s t i n g n i p p l e and about t h r e e 
t imes as l o n g , when t h e jaw i s lowered. As w e l l as improving the h o l d t h e 
baby has on t h e n i p p l e , t h e e l o n g a t e d t e a t helps him expel t h e m i l k 
e f f i c i e n t l y s i n c e t h e m i l k s i n u s e s i n t h e n i p p l e and a r e o l a a r e a l s o e l o n g -
a t e d and expanded i n t h e process o f n i p p l e e r e c t i o n . Under t h e a r e o l a a r e 
the l a r g e r m i l k d u c t s and r e s e r v o i r s , and a t t h e b e g i n n i n g o f t h e feed 
t h e i r s m a l l c o n t e n t s may p o s s i b l y encourage t h e c h i l d t o c o n t i n u e s u c k i n g 
u n t i l t h e b u l k o f t h e m i l k becomes a v a i l a b l e t h r o u g h the m i l k e j e c t i o n 
r e f l e x . 
One o f t h e most i n t e r e s t i n g f e a t u r e s o f the female human b r e a s t i s 
i t s r e l a t i v e l y l a r g e s i z e and rounded form. C o n t r i b u t i n g t o t h i s i s t h e 
arched form o f t h e r i b s . In most p r i m a t e s the l a c t a t i n g b r e a s t i s almost 
f l a t , whereas i n woman even t h e n o n - l a c t a t i n g b r e a s t i s round. T h i s i s due 
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p r i m a r i l y t o adipose r a t h e r than t o g l a n d u l a r t i s s u e ; though t h e increase 
i n b r e a s t s i z e d u r i n g pregnancy and l a c t a t i o n i s due t o a p r o l i f e r a t i o n o f 
g l a n d u l a r t i s s u e and t o i n c r e a s e d v a s c u l a r i t y . 
The n i p p l e s a r e p r o j e c t e d f o r w a r d s and outwards, w i t h a s l i g h t t u r n 
upwards. T h e i r outward o r i e n t a t i o n and t h e i r d i s p l a c e m e n t from the chest 
w a l l enables t h e c h i l d t o r e s t upon t h e mother's l a p and arm i n t h e most 
c o n v e n i e n t (sideways) p o s i t i o n f o r s u c k l i n g . ( P r o v i d i n g he i s i n a s u i t a b l e 
p o s i t i o n , t h e r o o t i n g r e f l e x ( P e i p e r , I 9 6 I ) w i l l a i d him i n f i n d i n g the 
n i p p l e ) . In t h i s p o s i t i o n , w i t h t h e i n f a n t h e l d c l o s e t o , but not r i g h t 
up t o , t h e mother, mother and c h i l d can l o o k i n t o each o t h e r b f a c e s , as 
Abercrombie ( 1 9 7 0 p o i n t s o u t . Eye-to-eye c o n t a c t can then e a s i l y occur; 
i n f a c t i t i s v i r t u a l l y u n a v o i d a b l e . Eye c o n t a c t i s one o f the most impor-
t a n t elements i n t h e development o f a f f e c t i o n and bonding between mother 
and c h i l d ( K l a u s , K ennel, Plumb and Z u e h l k e , 1 9 7 0 ) . T h e r e f o r e , d u r i n g 
f e e d i n g , i n t e r a c t i o n and communication between t h e two a r e f a c i l i t a t e d . 
Indeed t h i s was f i r s t p o i n t e d o u t by Cooper in I 8 A 0 , who observed t h a t the 
baby, w h i l e s u c k i n g under t h e mother's eye, thereby "almost i r r e s i s t i b l y 
s o l i c i t s her t e n d e r and r e g u l a r a t t e n t i o n . " 
T h i s i s one e x p l a n a t i o n o f t h e d i f f e r e n t shape o f t h e b r e a s t i n human 
be i n g s and o t h e r p r i m a t e s . Another i s t h a t rounded b r e a s t s e v o l v e d t o 
mimic t h e s t r o n g sexual s i g n a l o f t h e b u t t o c k s when i n an u p r i g h t stance 
( M o r r i s , I 9 6 9 ) . I t i s d i f f i c u l t t o make progress on t h i s issue w i t h o u t 
knowing t h e form o f t h e a n c e s t r a l b r e a s t ; f o r a n o t h e r p o s s i b i l i t y i s t h a t 
t h e round f o r m i s p r i m i t i v e , w i t h t h e f l a t form an a d a p t a t i o n t o c a r r y i n g 
p r e h e n s i l e young s l u n g below t h e body i n quadrupedal w a l k i n g . The young 




^-^ The mechanics o f s u c k i n g 
Sucking i s n o t a p u r e l y r e f l e x a c t i o n . I t may occur spontaneously 
w h i l e awake o r a s l e e p ( W o l f f , I 9 6 7 ) and can be evoked and m o d i f i e d by a 
v a r i e t y o f s t i m u l i , f o r example by s t r o k i n g the p e r i o r a l area o r t h e 
l i p s , o r by i n t r o d u c i n g a s u i t a b l y - s h a p e d o b j e c t i n t o the mouth. I t can 
be e l i c i t e d f r o m t h e 2kth week o f f o e t a l l i f e by s t i m u l a t i n g t h e mouth 
r e g i o n (Humphrey, 1 9 6 4 ) . Sucking i s c o o r d i n a t e d d i r e c t l y w i t h s w a l l o w i n g 
i n t h e u t e r u s , and a f t e r b i r t h s u c c e s s f u l f e e d i n g n e c e s s i t a t e s p r e c i s e 
i n t e g r a t i o n w i t h t h e o t h e r components o f f e e d i n g - the r o o t i n g r e f l e x , t a k i n g 
t h e n i p p l e i n t o t h e mouth, and s w a l l o w i n g - and w i t h b r e a t h i n g ( P e i p e r , 
1 9 6 3 ) . The s y n c h r o n i s a t i o n o f s u c k i n g , s w a l l o w i n g and b r e a t h i n g can be 
i n f l u e n c e d by t h e f l u i d i n g e s t e d ; some f l u i d s , f o r example, b r e a s t m i l k , 
promote b e t t e r c o o r d i n a t i o n than o t h e r s (Johnson and S a l i s b u r y , 1 9 7 5 , 1 9 7 7 ) . 
The term " s u c k i n g " can be m i s l e a d i n g s i n c e a l t h o u g h one sense o f the 
word i s " t o draw l i q u i d i n t o t h e mouth by c o n t r a c t i n g the muscles o f the 
l i p s , cheeks and tongue so as t o produce a p a r t i a l vacuum" ( S h o r t e r Oxford 
E n g l i s h D i c t i o n a r y , 1 9 3 3 ) ? a n o t h e r i s " t o ap p l y t h e l i p s t o , f o r example, 
a t e a t o r b r e a s t f o r t h e purpose o f e x t r a c t i n g m i l k ; t o draw m i l k from 
t h e above w i t h t h e mouth", which does n o t imply the use o f n e g a t i v e p r e s s u r e , 
In a c t u a l f a c t t h e s u c k i n g o f t h e baby has both p o s i t i v e p r e s s u r e ( e x p r e s s i o n ) 
and n e g a t i v e p r e s s u r e ( s u c t i o n ) components. 
The f l o w o f m i l k o r o t h e r f l u i d i n t o t h e baby's mouth i s governed by 
t h e magnitude and t h e d u r a t i o n o f t h e p o s i t i v e and n e g a t i v e p r e s s u r e a p p l i e d 
t o t h e n i p p l e o r t e a t , t h e s i z e o f t h e h o l e or duct through which the f l u i d 
must pass, t h e v i s c o s i t y o f t h e f l u i d , and any e x t r i n s i c f o r c e s which 
f a c i l i t a t e i t s e n t r y t o t h e mouth, f o r example t h e m i l k e j e c t i o n r e f l e x 
i n b r e a s t f e e d i n g (see Chapter 1 ) and g r a v i t y i n b o t h b r e a s t and b o t t l e 
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f e e d i n g . B e f o r e t h e importance o f m i l k e j e c t i o n was g e n e r a l l y recognised i t 
was o f t e n t h o u g h t t h a t i n f a n t s o b t a i n e d t h e i r nourishment from t he br e a s t by 
s u c t i o n a l o n e , and so e s p e c i a l l y r i g i d f e e d i n g n i p p l e s were produced t o pr e v e n t 
c o l l a p s e d u r i n g s u c t i o n ( A r d r a n , Kemp and L i n d , 1 9 5 8 a ) . An a l t e r n a t i v e and 
po p u l a r t h e o r y , a l s o proved i n c o r r e c t , was t h a t t he m i l k was o b t a i n e d by com-
p r e s s i n g t h e l a c t e a l s i n u s e s between t h e jaws ( W a l l e r , 1 9 3 8 ) . 
V a r i o u s a u t h o r s have put f o r w a r d d i f f e r e n t views as t o whether p o s i t i v e 
or n e g a t i v e p r e s s u r e i s c e n t r a l i n o b t a i n i n g m i l k . For example, i n 1958 
C o l l e y and Creamer f o l l o w e d t h e changes i n pressure w i t h i n an a r t i f i c i a l n i p p l e 
and i n t h e mouth and upper a l i m e n t a r y t r a c t d u r i n g f e e d i n g , c o n c l u d i n g 
t h a t s u c t i o n p r e s s u r e g e n e r a t e d i n t h e mouth i s the more i m p o r t a n t f a c t o r , 
i n c o n t r a s t , A r d r a n , Kemp and L i n d , i n t h e i r c i n e r a d i o g r a p h i c s t u d i e s o f 
b r e a s t and b o t t l e f e e d i n g i n i n f a n t s aged from a few days t o s i x months 
( 1 9 5 8 a , b ) , i n t e r p r e t e d t h e i r f i n d i n g s as showing the pre-eminence o f t h e 
e x p r e s s i o n component o f s u c k i n g produced by compressing t h e t e a t between 
th e tongue and t h e hard p a l a t e f o r o b t a i n i n g m i l k . Subsequently they com-
bined t h i s t e c h n i q u e w i t h t h e r e c o r d i n g o f pressure changes i n the mouth, 
whi c h s u p p o r t e d t h e c o n c l u s i o n s o f the pr e v i o u s two papers (Ardran and Kemp, 
1 9 5 9 ) . 
I t seems t h a t t he r e l a t i v e balance o f p o s i t i v e and n e g a t i v e p r e s s u r e 
d u r i n g s u c k i n g can be v a r i e d by t h e baby i n response t o the needs o f a 
p a r t i c u l a r s i t u a t i o n ( Sameroff, 1 9 6 8 ) , and w i t h h i n d s i g h t t he search f o r t h e 
" p r i m a r y mechanisms" seems r a t h e r a red h e r r i n g . As Kron and L i t t ( 1 9 7 1 ) 
p o i n t o u t , t h e source o f t h e d i s p a r a t e r e s u l t s o f such i n v e s t i g a t i o n s a r e t o 
be found i n t h e d i f f e r i n g methods and the d i f f e r e n t apparatus used. In f a c t , 
t h e y a r e an i l l u s t r a t i o n o f t h e c o n s i d e r a b l e a d a p t a b i I i t y o f s u c k i n g . 
A composite p i c t u r e o f what occurs d u r i n g s u c k i n g on the b r e a s t o r on 
an a r t i f i c i a l t e a t w i t h s i m i l a r p h y s i c a l c h a r a c t e r i s t i c s can be b u i l t up 
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f r o m t h e d e s c r i p t i o n s o f Gwynne-Evans ( 1 9 5 1 ) , C o l l e y and Creamer ( 1 9 5 8 ) , 
A r d r a n , Kemp and L i n d ( 1 9 5 8 a , b , 1 9 5 9 ) , and T u l l e y and Campbell ( 1 9 6 5 ) . 
D u r i n g b r e a s t f e e d i n g , a t e a t i s f i r s t formed by s u c k i n g i n t o the mouth 
the n i p p l e , a r e o l a and u n d e r l y i n g t i s s u e s o f the b r e a s t . The n i p p l e forms 
t h e m o b i l e b u l b o f t h e t e a t and t h e neck a r i s e s from the s t r e t c h i n g o f the 
a r e o l a and u n d e r l y i n g t i s s u e s . The t e a t i s up t o t h r e e times as long 
as t h e n i p p l e i n repose, and s h o r t e n s t o i t s o r i g i n a l p r o p o r t i o n s as soon 
as t h e baby's h o l d on i t i s r e l e a s e d ( A r d r a n , Kemp and L i n d , 1958b ) . 
I t s p r o t r a c t i 1 i t y and f l e x i b i l i t y a r e i m p o r t a n t t o the success o f br e a s t 
f e e d i n g (Gunther, 1 9 5 5 ) , and i n c r e a s e a u t o m a t i c a l l y d u r i n g pregnancy 
( H y t t e n , 1 9 5 8 ) , T h i s accords w i t h A r d r a n , Kemp and Lind's emphasis on the 
c o m p r e s s i b i l i t y o f t h e t e a t w h i c h f a c i l i t a t e s t h e e x p r e s s i o n o f t h e m i l k . 
The i n f a n t ' s l i p s f orm an a i r t i g h t seal around the t e a t w h i c h , when the 
ja w i s low e r e d , extends t o t h e back o f t h e mouth and i s h e l d between the 
hard p a l a t e and t h e tongue. The tongue i s grooved l o n g i t u d i n a l l y and 
p o s i t i o n e d w e l l f o r w a r d i n t h e mouth. The neck o f the t e a t i s compressed 
a g a i n s t t h e upper gum pad by the upward-curving a n t e r i o r margin o f t h e 
tongue. T h i s b u l g i n g o f t h e f r o n t p a r t o f the tongue i s supported by the 
jaw coming up, and as t h e tongue i s r a i s e d a g a i n s t t h e lower s u r f a c e o f the 
t e a t from b e f o r e backwards i t s c e n t r a l f u r r o w i s p r o g r e s s i v e l y o b l i t e r a t e d 
i n t h i s d i r e c t i o n . 
T h i s " s t r i p p i n g " o r m i l k i n g " o f the t e a t by the tongue causes i t 
t o narrow and i t s h o r t e n s as t h e tongue moves backwards, the p o s i t i v e 
p r e s s u r e squeezing t h e m i l k i n t o t he mouth. M i l k a l s o e n t e r s the mouth 
as a r e s u l t o f the n e g a t i v e p r e s s u r e c r e a t e d by the simultaneous lower-
i n g o f t h e back o f t h e tongue behind t h e t e a t . The jaw and tongue a r e then 
l owered and t h e tongue a g a i n becomes grooved l o n g i t u d i n a l l y , c r e a t i n g f u r t h e r 
n e g a t i v e p r e s s u r e , and as a r e s u l t m i l k i s drawn i n t o r e f i l l t h e t e a t which 
expands t o f i l l t h e e n l a r g e d mouth c a v i t y . The tongue then again comes f o r w a r d 
and up, f o l l o w e d by t h e jaw moving up as t h e r h y t h m i c c y c l e c o n t i n u e s . C o l l e y 
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and Creamer's i n t e r p r e t a t i o n v a r i e s i n t h a t they say the tongue moves back-
ward i n o r d e r t o produce n e g a t i v e p r e s s u r e , l i k e a p i s t o n w i t h d r a w n i n an 
a i r t i g h t s y r i n g e , and n o t s i m p l y t o s t r i p the t e a t o 
On t h e b r e a s t , t h e balance o f p o s i t i v e and n e g a t i v e pressures i s l i k e l y 
t o change w i t h a v a i l a b i l i t y o f m i l k , e.g. Ardran and Kemp (1959) s t a t e t h a t 
" a f t e r some minutes o f f e e d i n g (on t h e b r e a s t ) the pr e s s u r e ( i n t h e mouth) 
d i d n o t f a l l so low as i t d i d i n i t i a l l y and peaks o f p o s i t i v e p r e s s u r e 
appeared more f r e q u e n t l y , " W i t h r i g i d b o t t l e s , where t e a t s cannot be 
occ l u d e d by t h e to n g u e , t h e d e p r e s s i o n o f the back o f t h e tongue behind the 
t e a t c r e a t e s s u c t i o n w h i c h , a l o n e o r w i t h t h e a i d o f g r a v i t y , can p r o v i d e 
t h e c h i l d w i t h adequate m i l k ( A r d r a n , Kemp and L i n d , 1958a; Ardran and Kemp, 
1959)o 
2 . 2 . C1 ass i f i c a t i o n o f s u c k i ng 
There a r e s e v e r a l p o s s i b l e ways o f c h a r a c t e r i s i n g s u c k i n g b e h a v i o u r , 
w h i c h must n o t be c o n f u s e d . D i s t i n c t i o n s can be based upon: 
( i ) The m o t i v a t i o n f o r s u c k i n g . T h i s can be hunger o r t h i r s t , o r the 
baby can suck f o r c o m f o r t and reassuranceo Sucking can a l s o be used t o 
p r o v i d e o r m a i n t a i n s t i m u l a t i o n under a p p r o p r i a t e e x p e r i m e n t a l c o n d i t i o n s . 
For example, t h i r t e e n month o l d i n f a n t s w i l l suck t o b r i n g a p i c t u r e back 
i n t o focus ( K a l n i n s and Bruner, 1 9 7 3 ) . T h i s i s an I n d i c a t i o n o f the 
c o n t r o l o v e r h i s s u c k i n g w h i c h t h e i n f a n t d e v e l o p s , 
( i i ) Whether o r n o t t h e i n f a n t i s o b t a i n i n g f l u i d , 
( i i l ) The rhythm, p a t t e r n i n g , a m p l i t u d e or temporal o r g a n i z a t i o n o f 
s u c k i n g . (The te r m " o r g a n i z a t i o n " o f s u c k i n g as used i n t h i s t h e s i s r e f e r s 
t o t h i s a s p e c t , r a t h e r t han t o t h e c o o r d i n a t i o n o f t h e i n d i v i d u a l movements 
which c o n s t i t u t e a s u c k ) . Sucks u s u a l l y occur i n groups, termed s u c k i n g 
b u r s t s , s e p a r a t e d by pauses. Both t h e r e l a t i v e d u r a t i o n o f b u r s t s and pauses 
and t h e d i s t r i b u t i o n o f sucks w i t h i n t h e b u r s t s , l . e , the w i t h l n - b u r s t 
s u c k i n g r a t e , can be used t o c h a r a c t e r i s e s u c k i n g . 
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^-»3. Measurement and s t a b i l i t y o f s u c k i n g 
Sucking on a b o t t l e can be measured e i t h e r d i g i t a l l y ( L e v i n and Kaye, 
196^*) o r a n a l o g i c a l l y , u s i n g a p p a r a t u s based on t h a t developed by Kron, 
S t e i n and Goddard (1963) and by Sameroff ( 1 9 6 5 ) , i n which t h e p o s i t i v e 
and n e g a t i v e p r e s s u r e changes e x e r t e d on a m o d i f i e d a r t i f i c i a l n i p p l e are 
recorded s i m u l t a n e o u s l y by means o f f i n e p o l y e t h y l e n e tubes connected v i a 
p r e s s u r e t r a n s d u c e r s t o a polygrapho Fixed amounts o f n u t r i e n t can be g i v e n 
c o n t i n g e n t upon t h e p r o d u c t i o n o f p o s i t i v e or n e g a t i v e p r e s s u r e above a 
c e r t a i n t h r e s h o l d . The response can occur f o r each suck o r a t a s e t r a t i o , 
o r can be r e l a t e d t o t h e b u r s t / p a u s e p a t t e r n o f s u c k i n g . A more r e c e n t 
development I s t h e r e c o r d i n g o f sucks by t h e d i r e c t measurement o f t h e f l o w 
o f m i l k t h r o u g h t h e f e e d i n g b o t t l e , by means o f an e l e c t r o m a g n e t i c f l o w -
meter t r a n s d u c e r l o c a t e d between t h e r e s e r v o i r and t h e n i p p l e (Johnson and 
S a l i s b u r y , 1 9 7 5 ) . 
A l t h o u g h s u c k i n g d u r i n g b r e a s t f e e d i n g is most e a s i l y recorded by 
o b s e r v a t i o n o f t h e movements o f t h e baby's jaw ( e . g . Kaye, 1972, 1 9 7 7 ) , 
measurement o f t h e c o n c u r r e n t p r e s s u r e changes i n t h e mouth can a l s o be used 
as w i t h b o t t l e f e e d i n g ( A r d r a n and Kemp, 1959 ) . L u t h e r , A r b a l l o , Sala and 
Cordero Funes (197^ ) f i x e d p o l y e t h y l e n e c a t h e t e r s t o t h e mother's n i p p l e 
such t h a t t h e y l a y w i t h i n t h e baby's mouth d u r i n g s u c k i n g . The tubes were 
connected t o p r e s s u r e t r a n s d u c e r s and thence t o a p o l y g r a p h , and both 
p o s i t i v e and n e g a t i v e p r e s s u r e changes were recorded. 
Many measures have been used t o c h a r a c t e r i s e the s u c k i n g r e c o r d s , such 
as number o f b u r s t s o r sucks per u n i t t i m e , b u r s t l e n g t h , i n t e r - b u r s t 
I n t e r v a l o r pause l e n g t h , and, a t a f i n e r l e v e l , i n t e r - s u c k I n t e r v a l ( I S l ) o r 
I t s r e c i p r o c a l , t h e w i t h i n ~ b u r s t s u c k i n g r a t e , a m p l i t u d e o f sucks, and t h e 
e x p r e s s i o n / s u c t i o n r a t i o . In much o f t h e e a r l y l i t e r a t u r e , r a t e per u n i t 
t i m e was t h e p r i m a r y measure used w i t h no allowance made f o r pauses (e.g. 
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Kron, S t e i n and Goddard, I 9 6 3 ) . 
A l t h o u g h t h e normal i n f a n t a l r e a d y has t h e a b i l i t y t o suck a t b i r t h , 
t h e r e f l e x may need I n i t i a l " p r i m i n g " w i t h an a p p r o p r i a t e s t i m u l u s b e f o r e 
I t a t t a i n s I t s f u l l v i g o u r (Gunther, 1955)» Once e s t a b l i s h e d , t h e o r d e r -
l i n e s s and r e g u l a r i t y o f i t s o r g a n i z a t i o n are remarkable. The s t a b i l i t y 
e x h i b i t e d d u r i n g r e p e a t e d t e s t s on t h e same i n f a n t s I s s t r i k i n g ( B a l i n t , 
19''48; Kaye, I 9 6 8 ) , For example, q u i t e h i g h p o s i t i v e c o r r e l a t i o n s are found 
between an i n f a n t ' s responses t o d i f f e r e n t n i p p l e s and nlpple-shaped o b j e c t s 
(Dublgnon and Campbell, 1 9 6 8 a ) . Kron, Ipsen and Goddard (1968) looked a t 
v a r i o u s measures o f s u c k i n g w i t h m i l k d e l i v e r y and found c o n s i s t e n t I n d i v i d u a l 
d i f f e r e n c e s between i n f a n t s o v e r t h e f i r s t e i g h t e e n feeds o f l i f e . In 
a d d i t i o n , a l l parameters (sucks per m i n u t e , average peak p r e s s u r e per suck 
per m i n u t e , m i l k consumed per m i n u t e ) Increased o v e r t h i s p e r i o d and the 
I n f a n t s a l s o d i f f e r e d c o n s i s t e n t l y i n t h e i r r a t e s o f i n c r e a s e s . The a u t h o r s 
c o n c l u d e t h a t s u c k i n g p r e s s u r e i s t h e b e s t d i s c r i m i n a t i n g measure, on the 
grounds t h a t r a t e i s u n r e l i a b l e because i t i s used t o r e g u l a t e I n t a k e , 
In c o n t r a s t , L I p s i t t , R e i l l y , Butcher and Greenwood (1976) found l e s s 
s t a b i l i t y w i t h 15^ sucrose s o l u t i o n ; w l t h i n " b u r s t s u c k i n g r a t e 
a l o n e had s i g n i f i c a n t t e s t - r e t e s t c o e f f i c i e n t f r o m Day 1 t o Day 2 , When no 
f l u i d was g i v e n , t h e t o t a l number o f sucks, the number o f pauses, t h e number 
o f responses per b u r s t and t h e mean w i t h i n - b u r s t ISI showed h i g h c o r r e l a t i o n s 
o v e r t h i s p e r i o d . T h i s corresponds w i t h t h e f i n d i n g s o f Sameroff ( 1967 , 
1971) o f i n d i v i d u a l s t a b i l i t y i n t h e number of sucks, the frequency and 
average l e n g t h o f b u r s t s , and t h e average l e n g t h o f pauses under s i m i l a r 
c i r c u m s t a n c e s . P o l l i t t , G i l more and V a l c a r c e l (1978) found mean a m p l i t u d e 
o f s u c k i n g and t h e amount o f t i m e d u r i n g n u t r i t i v e s u c k i n g w i t h m i l k 
f o r m u l a t o be s t a b l e o v e r a 'i-week p e r i o d . 
I n t e r e s t I n these s t a b l e i n d i v i d u a l s ucking parameters c e n t r e s around 
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t h e f a c t t h a t i n t h e search f o r r e l i a b l e ways o f c h a r a c t e r i s i n g e a r l y human 
b e h a v i o u r , w i t h a v i e w t o i d e n t i f y i n g p o s s i b l e c o r r e l a t e s w i t h and p r e d i c t o r s 
o f t h e c o u r s e o f f u t u r e p s y c h o l o g i c a l development, s u c k i n g stands out as one 
o f a baby's most h i g h l y o r g a n i z e d a c t i v i t i e s . I t i s one o f t h e most, i f n o t 
t h e most, h i g h l y developed and w e l 1 - c o o r d i n a t e d motor responses o f the young 
i n f a n t , p r e s e n t f a r i n advance o f e,g, hand-mouth c o o r d i n a t i o n . T h i s e a r l y 
competence means t h a t i t forms one o f t h e most I m p o r t a n t p o i n t s o f c o n t a c t , 
o r channels o f communication and e x p l o r a t i o n , between the i n f a n t and the o u t -
s i d e w o r l d . T h i s , t o g e t h e r w i t h i t s ease o f r e c o r d i n g and I t s m a l l e a b i l i t y , 
has r e s u l t e d i n t h e response b e i n g used as a way o f s t u d y i n g t h e b e h a v i o u r , 
t h e p e r c e p t u a l a b i l i t i e s and t h e s o c i a l c a p a b i l i t i e s o f t h e young i n f a n t . 
The h i g h l y o r d e r e d , c o n s i s t e n t rhythm o f s u c k i n g In t h e human i n f a n t 
p r o v i d e s a c l e a r example o f temporal r e g u l a t i o n and arrangement o f u n i t s 
o f motor b e h a v i o u r . T h i s i n t u r n has p o t e n t i a l v a l u e i n t h e e l u c i d a t i o n o f 
t h e r e l a t i o n s h i p between c e r e b r a l a c t i v i t y and b e h a v i o u r , s i n c e t h e r e i s 
much e v i d e n c e t h a t t h e p a t t e r n o f s u c k i n g I s a CNS-regulated phenomenon. 
For example W o l f f (1973) found p r e c i s e r a t e concordance between the s u c k i n g 
and t h e t a i l movements o f t h e i n f a n t g o a t , i n d i c a t i n g a common c e n t r a l 
"pacemaker". Human i n f a n t s sometimes open and $hut t h e i r eyes I n t i m e t o 
t h e i r sucks a t t h e b e g i n n i n g o f a feed ( W o l f f , 1 9 7 3 ) , and b o t h motor 
p a t t e r n s a r e a f f e c t e d i n i d e n t i c a l ways by r a t e - m o d u l a t i n g p e r i p h e r a l s t i m u l i , 
s u g g e s t i n g a common c e n t r a l o s c i l l a t o r y mechanism. In a d d i t i o n , i n f a n t s 
w i t h q u i t e g ross a b n o r m a l i t i e s o f t h e o r a l c a v i t y e.g. hare l i p , show no 
d i f f e r e n c e s i n t h e p a t t e r n i n g o f t h e i r s u c k i n g movements ( W o l f f , 1 9 6 7 ) . 
Since s u c k i n g i s dependent on t h e I n t e g r i t y o f t h e CNS, one would expect 
a v a r i e t y o f d i s t u r b a n c e s i n i n f a n t s w i t h major m a l f o r m a t i o n s o f t h e b r a i n 
o r t h o s e w i t h m e t a b o l i c d i s o r d e r s , and t h i s i s indeed t h e case ( W o l f f , 1968b). 
For example, f u l l - t e r m i n f a n t s w i t h an Rh i n c o m p a t i b i l i t y and t r a n s i e n t 
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h y p e r b l 1 i r.ubi nemi a, t e s t e d i n t h e f i r s t t e n days, sucked a t lower mean 
r a t e s w i t h more i n t e r b u r s t v a r i a n c e than d i d normal i n f a n t s , and t h e 
degree o f a b n o r m a l i t y was g r e a t e r t h e h i g h e r the serum b i l i r u b i n l e v e l . 
I n f a n t s w i t h m a j o r a b n o r m a l i t i e s o f t h e h i g h e r c e n t r e s , e.g. a n e n c e p h a l I c s , 
had reduced s u c k i n g r a t e s b u t a normal p a t t e r n o f s u c k i n g . S i m i l a r 
r e s u l t s were seen w i t h t h r e e m i c r o e n c e p h a l i c s aged between t h r e e and twelve 
months. T h i s suggests t h a t s u c k i n g Is p r i m a r i l y o r g a n i z e d i n the o l d e r p a r t s 
o f t h e b r a i n . In c o n t r a s t , c h i l d r e n who had no n e u r o l o g i c a l a b n o r m a l i t i e s 
b u t who had s u s t a i n e d damage t o t h e CNS o f a less d r a m a t i c n a t u r e showed 
a l t e r e d s u c k i n g p a t t e r n s . Newborns w i t h a h i s t o r y o f p e r i n a t a l d i s t r e s s , 
a l t h o u g h a p p e a r i n g n e u r o l o g I c a l l y undamaged, showed g r e a t e r v a r i a b i l i t y In 
a v a r i e t y o f s u c k i n g parameters ( D r e i e r and W o l f f , 1972). The a b s o l u t e 
d i f f e r e n c e s I n t h e measures o f s u c k i n g behaviour are n o t always l a r g e 
even though s i g n i f i c a n t , and t h e r e i s a c e r t a i n amount o f o v e r l a p w i t h normal 
v a l u e s so t h a t t h e y cannot be used as c l i n i c a l t e s t s o f the n e u r o l o g i c a l 
s t a t u s o f I n d i v i d u a l I n f a n t s , N e v e r t h e l e s s , i t i s I n t e r e s t i n g t h a t they 
o f t e n r e v e a l t h a t t h e b r a i n has s t i l l n o t f u l l y recovered from i t s e a r l i e r 
I n s u l t even where no o t h e r signs, o f a b n o r m a l i t y a re d e t e c t e d . Whether or 
no t t h e y have any p r e d i c t i v e v a l u e f o r l a t e r development i s not y e t known. 
^•^• Sucking and o b s t e t r i c m e d r c a t i o n 
A n o t h e r i n f l u e n c e on i n f a n t s u c k i n g behaviour w h l c h I s i n c r e a s i n g l y 
p e r t i n e n t i s t h e m e d i c a t i o n w h i c h may be give n t o the mother b e f o r e o r 
d u r i n g l a b o u r . Many drugs c r o s s t h e p l a c e n t a ; t h e i r e f f e c t s upon t h e baby 
depend upon t h e t y p e and dose o f drug and t h e t i m i n g o f t h e a d m i n i s t r a t i o n . 
For example, p r e - m e d l c a t l o n o f t h e mother w i t h h i g h doses o f b a r b i t u r a t e , 
w h i c h a t one t i m e was w i d e l y used, leads t o a l a c k o f responsiveness and 
hence depressed s u c k i n g i n t h e i n f a n t d u r i n g the f i r s t few days a f t e r b i r t h 
w h i c h c o u l d h i n d e r t h e i r a d a p t a t i o n t o b r e a s t f e e d i n g ( B r a z e l t o n , 1 9 6 l ) . 
Kron, S t e i n and Goddard (1966) c a r r i e d o u t a more d e t a i l e d s t u d y , w h i c h 
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e x c l u d e d t h e c o n f o u n d i n g f a c t o r o f the drug on the mother's behaviour. 
I n f a n t s whose mothers had r e c e i v e d b a r b i t u r a t e s e d a t i o n but no o t h e r 
m e d i c a t i o n d u r i n g l a b o u r had s i g n i f i c a n t l y slower o v e r a l l s u c k i n g r a t e s , 
p r e s s u r e s , and consumption o f m i l k f o r m u l a when compared w i t h a c o n t r o l 
g r o u p . 
2 . 5 . Nature o f t h e s u c k i n g o b j e c t 
The s u c k i n g rhythms can be m o d i f i e d by moment-to-moment p e r i p h e r a l 
feedback. T h i s can be t h o u g h t o f as a t r a n s i e n t a d a p t a t i o n t o d i f f e r i n g 
c o n d i t i o n s which c o n t i n u e s as long as these c o n d i t i o n s are m a i n t a i n e d . Under 
many c i r c u m s t a n c e s a c o n s i d e r a b l e degree o f p l a s t i c i t y , o r a b i l i t y t o 
a d a p t , i s seen In response t o i n t r a - and e x t r a - o r a l s t i m u l i . No l e a r n i n g 
i s i n v o l v e d as t h e responses a r e m o d i f i e d v i r t u a l l y i m m e d i a t e l y ; s u c k i n g 
seems t o have b u i l t i n t o i t a p r i o r a d a p t a b i l i t y . 
Sucking can be e l i c i t e d by p l a c i n g a n i p p l e - l i k e o b j e c t , f o r example, 
a human f i n g e r , i n t h e i n f a n t ' s mouth; t h e amount o f s u c k i n g i s i n f l u e n c e d 
by t h e p h y s i c a l c h a r a c t e r i s t i c s o f t h e o b j e c t - c o n t o u r , c o m p r e s s i b i l i t y , 
s i z e , e t c . For example, L i p s i t t and Kaye ( I 9 6 5 ) showed t h a t rubber n i p p l e s 
e l i c i t t w i c e as much s u c k i n g as do q u a r t e r - i n c h diameter rubber tubes. 
The above f a c t o r s are i m p o r t a n t f o r s u c c e s s f u l b r e a s t f e e d i n g (Gunther, 1955, 
see Chapter 1) and when c o n s i d e r i n g t h e design o f a r t i f i c i a l f e e d i n g n i p p l e s . 
I t has been suggested ( P e i p e r , 1 9 6 3 ) t h a t a r t i f i c i a l n i p p l e s are more e f f e c t i v e 
i n e l i c i t i n g s u c k i n g than a r e human n i p p l e s , i n o t h e r words they are "super-
n o r m a l " e l i c l t o r s o f t h e response i n t h e e t h o l o g i c a l sense o f s p e c i f i c 
s t i m u l i r e l e a s i n g i n n a t e p a t t e r n s o f behaviour ( T i n b e r g e n , 1951). Bearing 
i n mind t h e o b s e r v a t i o n o f A r d r a n , Kemp and L i n d (1958a) t h a t the r i g i d 
f e e d i n g n i p p l e s i n use a t t h a t t i m e d i d n o t a l l o w the i n f a n t t o u t i l i z e the 
p o s i t i v e p r e s s u r e component o f s u c k i n g t o o b t a i n m i l k , i t i s c l e a r t h a t 
t h i s i s n o t always the case, a l t h o u g h the d i s t i n c t i o n must be kept between 
the a b i l i t y o f the t e a t t o s t i m u l a t e ' s u c k i n g and the e x t e n t t o which i t 
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a l l o w s e f f i c i e n t removal o f m i l k . 
When n o - f l u i d s u c k i n g u s i n g s o f t and hard tubes were compared 
(Dubignon and Campbell, 1 9 6 8 3 ) , s i g n i f i c a n t l y more sucks per minute were 
o b t a i n e d w i t h s o f t t u b e s . They a l s o found t h a t tubes o f l a r g e diameter 
( 1 1 / 1 6 " ) e l i c i t e d l e s s sucks per minute than those o f a small diameter 
( i " and q u a r t e r - i n c h ) , w h i c h had s i m i l a r c o u n t s . Even t h e counts f o r t h e 
" b e s t " tube a r e c o n s i d e r a b l y reduced when compared w i t h those o b t a i n e d 
w i t h a r ubber n i p p l e ( 3 7 . 1 per minute compared t o 1^.1 per m i n u t e ) . 
S i m i l a r e f f e c t s were found d u r i n g n u t r i t i v e s u c k i n g where the i n f a n t s r e c e i v e d 
m i l k f o r m u l a ( C h r i s t e n s e n , Dubignon and Campbell, 1976) , T h i s i s i m p o r t a n t 
because i t shows t h a t t h e above e f f e c t s a r e n o t o v e r - r u l e d by t h e p o w e r f u l 
s t i m u l u s o f f l u i d i n t h e mouth. 
Crook ( I n p r e s s ) suggests t h a t t h e o r g a n i z a t i o n o f n o - f l u i d o r non-
n u t r i t i v e s u c k i n g , once e l i c i t e d , i s r e l a t i v e l y i n v a r i a n t but t h a t i t s a m p l i t u d e 
o r v i g o u r may be c o n s i d e r a b l y reduced, t h e a p p a r e n t l y slower counts and a l t e r e d 
rhythms o f s u c k i n g seen w i t h s u b - o p t i m a l s t i m u l i r e s u l t i n g f r o m t h e use o f a 
p r e s s u r e t h r e s h o l d t h a t i s t o o h i g h . 
2 . 6 . N u t r i t i v e and n o n - n u t r i t i v e s u c k i n g 
Another major source o f i n t r a - o r a l v a r i a b l e s which p r o v i d e p e r i p h e r a T f e e d -
back I s t h e f l u i d t h e baby may r e c e i v e d u r i n g s u c k i n g , and the e f f e c t s o f I t s 
q u a l i t a t i v e and q u a n t i t a t i v e p r o p e r t i e s have been w i d e l y s t u d i e d . A predominant 
theme r u n n i n g t h r o u g h t h e l i t e r a t u r e i s t h a t o f two dichotgrnous modes o f s u c k i n g , 
the n u t r i t i v e and t h e n o n - ' n u t r i t i v e , w h i c h are d i s t i n g u i s h e d by t h e i r d i f f e r i n g 
temporal o r g a n i z a t i o n ( H a l v e r s t o n , 1932; B a l i n t , 19^8 ; C o l l e y and Creamer, 
(1958 ; Dubignon and Campbell, 1968b, 1969; W o l f f , I 9 6 7 , 1 9 6 8 a ) . The 
i m p l i c a t i o n i s t h a t t h e s e a r e two d i s t i n c t b e h a v i o u r s . N u t r i t i v e s u c k i n g occwrs 
i n response t o f l u i d and n o n - n u t r i t i v e s u c k i n g occurs when none i s a v a i l a b l e , 
f o r example d u r i n g p a c i f i e r s u c k i n g . The n o n - n u t r i t i v e mode i s a l s o seen i n t h e 
spontaneous mouthing o f s l e e p y or s l e e p i n g i n f a n t s ( W o l f f , I 9 6 6 , 1968a) . T h i s 
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i s i n t e r e s t i n g i n t h a t i t suggests t h a t t h e p a c i f i e r merely f u n c t i o n s t o e l i c i t 
s u c k i n g b u t does n o t i n f l u e n c e i t s " p r e - s e t " o r g a n i z a t i o n . 
W o l f f i n p a r t i c u l a r has e x t e n s i v e l y s t u d i e d the o c c u r r e n c e and o r g a n i z a t i o n 
o f b o t h modes o f s u c k i n g . The b o t t l e f e e d i n g apparatus he used was based on 
t h a t o f Sameroff (1965) and the sucks were recorded by p o l y g r a p h . N u t r i t i v e 
s u c k i n g I s d e s c r i b e d as a n e a r - c o n t i n u o u s steam o f sucks w i t h mean i n t e r - s u c k 
i n t e r v a l s v a r y i n g from 1.0 seconds a t 4 days t o a p p r o x i m a t e l y 0.7 seconds a t 
3 months. N o n - n u t r i t i v e s u c k i n g i s d e s c r i b e d as a r e g u l a r a l t e r n a t i o n o f 
b u r s t s and pauses, t h e mean i n t e r - s u c k i n t e r v a l s w i t h i n t h e b u r s t s r a n g i n g 
from 0.48 seconds a t 4 days t o 0.41 seconds at 3 months ( W o l f f , 1968a,b). 
W o l f f ' s c r i t e r i o n f o r d e f i n i n g a pause i n s u c k i n g i s t h a t t he polygraph 
w r i t e r s h o u l d remain i n t h e b a s e l i n e p o s i t i o n f o r one second o r l o n g e r . This 
makes I t i m p o s s i b l e t o make an e x a c t comparison between h i s data and da t a 
a n a l y s e d a c c o r d i n g t o t h e more common c r i t e r i o n o f a pause, which i s t h a t t he 
i n t e r v a l between e q u i v a l e n t p o i n t s on two sucks s h o u l d be g r e a t e r than a c e r t a i n 
l e n g t h . The use o f t h e b a s e l i n e c r i t e r i o n could r e s u l t i n a v a r i a b l e c u t - o f f 
p o i n t ( i n terms o f i n t e r - s u c k i n t e r v a l s ) between w i t h i n - b u r s t I n t e r v a l s and 
pauses a c c o r d i n g t o how f a s t t h e p r e s s u r e f a l l s t o b a s e l i n e and subsequently 
r i s e s a g a i n . I t i s u n f o r t u n a t e , t o o , t h a t W o l f f does not g i v e any i n d i c a t i o n 
o f how much m i l k h i s i n f a n t s r e c e i v e d w i t h each suck. 
Towards t h e end o f a b o t t l e f e e d , t h e i n f a n t |s s a i d t o s h i f t from 
n u t r i t i v e t o n o n ~ n u t r i t i v e s u c k i n g and back a g a i n , i . e . " t h e slow and the f a s t 
r a t e s o f s u c k i n g a re r e p r e s e n t e d as d i s c o n t i n u o u s q u a n t i t i e s " ( W o l f f , 1972, 1973). 
N u t r i t i v e s u c k i n g breaks up i n t o segments o f v a r i a b l e l e n g t h towards t h e end 
o f a feed ( W o l f f , 1968a). Hence when n u t r i e n t f l o w Is s w i t c h e d on i n a 
n i p p l e designed t o r e c o r d s u c k i n g , the p a t t e r n o f s u c k i n g changes almost 
I m m e d i a t e l y from t h e n o n - n u t r i t i t i v e mode t o t h a t t y p i c a l o f n u t r i t l t i v e 
s u c k i n g ( W o l f f , 1968a; Dublgnon and Campbell, 1968, 1969). 
Human i n f a n t s are s a i d t o be t h e o n l y ones who respond t o d i f f e r i n g m i l k 
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f l o w s i n t h i s way. W o l f f ( 1 9 6 8 , 1 9 7 3 ) examined t h e s u c k i n g p a t t e r n s o f a wide 
v a r i e t y o f i n f a n t mammals when m i l k was f l o w i n g t h r o u g h m o d i f i e d t e a t s and when 
t h e m i l k s u p p l y was c u t o f f . I n f a n t s o t h e r than humans who c o n t i n u e d t o suck 
f o l l o w i n g t h i s i n t e r r u p t i o n c o n t i n u e d t o suck w i t h t h e c o n t i n u o u s sucking o f t h e 
n u t r i t i v e mode, w i t h no a p p r e c i a b l e change in the s u c k i n g r a t e . The work 
o f Brown and P l e p e r (1973) w i t h human, chimpanzee and orangutang i n f a n t s con-
f i r m s t h e c o n t i n u o u s n a t u r e o f n o n - n u t r i t i v e s u c k i n g i n t h e p r i m a t e s c l o s e l y 
r e l a t e d t o humans. W o l f f concludes t h a t a l t h o u g h most mammals suck n u t r i t i v e l y 
and n o n - n u t r i t i v e l y , o n l y i n human babies does t h e o r g a n i z a t i o n o f s u c k i n g 
d i f f e r i n t h e two c o n d i t i o n s . I t i s i n n o n ~ n u t r i t l v e rhythms t h a t humans 
d i f f e r ; n u t r i t i v e s u c k i n g across species i s s i m i l a r In o r g a n i z a t i o n a l t h o u g h 
i t s r a t e v a r i e s from one t o f o u r sucks per second. W o l f f goes on t o say t h a t 
t h i s r e f l e c t s t h e o c c u r r e n c e o f a q u a l i t a t i v e s h i f t i n t h e temporal o r g a n i z a t i o n 
o f s u c k i n g d u r i n g human e v o l u t i o n , w i t h t h e i m p l i c a t i o n t h a t two s e p a r a t e 
c e n t r a l o s c i l l a t o r y c e n t r e s c o n t r o l t h e rhythms o f the two modes o f s u c k i n g . 
A r a t h e r d i f f e r e n t p i c t u r e i s found I n Kaye ( 1 9 7 2 ) , who discusses t h e 
b u r s t / p a u s e p a t t e r n which W o l f f m a i n t a i n e d was c h a r a c t e r i s t i c o f n o n - n u t r i t i v e 
b u t n o t o f n u t r i t i v e s u c k i n g . As a r e s u l t o f a v a r i e t y o f o b s e r v a t i o n s on 
b r e a s t and b o t t l e fed b a b i e s he s t a t e s ( w i t h o u t s u p p l y i n g t h e data) t h a t t h e 
b u r s t / p a u s e p a t t e r n o c c u r s w i t h both n u t r i t i v e and n o n - n u t r i t i v e s u c k i n g and 
t h a t t h e p a t t e r n i n g i s a s i m p l e , u n l e a r n e d response t o t h e r a t e o f m i l k 
f l o w . W i t h a r a p i d f l o w o f m i l k , s u c k i n g may c o n t i n u e f o r s e v e r a l minutes 
w i t h o u t a pause. Pauses occur as a r e s u l t o f t h e d e p l e t i o n o f m i l k o r i t s 
absence, and t h e i r l e n g t h v a r i e s a c c o r d i n g t o r a t e o f m i l k f l o w . Above an 
u n s p e c i f i e d t h r e s h o l d they d i s a p p e a r . In a subsequent paper, Kaye (1977) 
goes on t o suggest t h a t t h e e q u a t i o n o f pausing w i t h n o n - n u t r i t i v e s u c k i n g 
a l o n e i s a m i s c o n c e p t i o n b r o u g h t about by, f o r one t h i n g , a comparison merely 
o f f a s t f l u i d f l o w w i t h no f l o w a t a l l . His work i n t h i s paper i s based 
upon d a t a from b r e a s t and b o t t l e f e e d i n g t o g e t h e r and no a t t e m p t i s made t o 
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s e p a r a t e t h e two. 
L u t h e r e t a l (1974) a l s o m e n t i o n a w i d e range o f s u c k i n g r a t e s o f 
between 53 arid 122 (mean 75 - 2) sucks/minute d u r i n g t h e b r e a s t f e e d i n g o f 
66 c h i l d r e n . U n f o r t u n a t e l y f t i s not c l e a r whether these are average 
v a l u e s , one per n u r s i n g p e r i o d , o r t h e r a t e s which occur d u r i n g i n d i v i d u a l 
b u r s t s o f s u c k i n g . I n any case, they do not d i s t i n g u i s h between t h e stages 
o f t h e n u r s i n g p e r i o d when m i l k i s e a s i l y o b t a i n e d and when I t Is more sca n t y 
( b e f o r e m i l k e j e c t i o n and towards t h e e n d ) . They do, however, d e s c r i b e 
s u c k i n g subsequent t o t h e m i l k e j e c t i o n as an a l t e r n a t i o n o f s u c k i n g and 
r e l a x i n g p e r i o d s o f a p p r o x i m a t e l y s i m i l a r d u r a t i o n , which I n p a t t e r n does 
n o t c o r r e s p o n d t o W o l f f ' s n u t r i t i v e mode, as m i g h t perhaps be e x p e c t e d , b u t 
r a t h e r s u p p o r t s Kaye's (1977) o b s e r v a t i o n t h a t a l l s u c k i n g I s f u n d a m e n t a l l y 
o r g a n i z e d I n a b u r s t / p a u s e p a t t e r n . 
Both b u r s t / p a u s e p a t t e r n s and s u c k i n g r a t e s were d e s c r i b e d by Crook 
(1976) f o r c o n d i t i o n s i n w h i c h Q,01 o r 0 , 0 3 ml o f 5^ sucrose s o l u t i o n were 
g i v e n f o r each c r i t e r i o n suck. The lower r a t e o f m i l k f l o w e l 1 c l t e d s i g n l -
f l c a n t l y more pausi n g and a s i g n i f i c a n t l y f a s t e r w l t h i n - b u r s t s u c k i n g r a t e 
when compared w i t h t h e h i g h e r f l o w . Crook's f i n d i n g s w i t h r e s p e c t t o t h e 
w l t h . l n - b u r s t s u c k i n g r a t e were r e p l i c a t e d by Burke (1977) I n h i s study o f 
s u c k i n g and s w a l l o w i n g u s j n g 0,Q1 and Q.04 ml o f sucrose s o l u t i o n . 
These s t u d i e s sugges;t t h a t t h e p a t t e r n o f s u c k i n g I s i n f l u e n c e d by t h e 
q u a n t i t y , o f f l u i d t h e baby r e c e i v e s w i t h each suck when these q u a n t i t i e s 
a r e s m a l l , so t h a t t h e c h a r a c t e r i s t i c s o f n u t r i t i v e s u c k i n g may approach 
t h o s e o f n o n - n u t r l t l v e s u c k i n g when t h e f l o w r a t e i s v e r y low. However, 
t h e c i r c u m s t a n c e s o f t e s t i n g are v e r y d i f f e r e n t from n a t u r a l b r e a s t f e e d i n g , 
t o w h i c h t h e baby's s u c k i n g b e h a v i o u r I s adapted, and t h e f l u i d used d i f f e r s 
from b r e a s t m i l k i n many r e s p e c t s . There I s c l e a r l y a nedd t o look a t t h e 
baby's s u c k i n g from a more n a t u r a l i s t i c p e r s p e c t i v e . 
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2• 7. Pauses d u r i n g s u c k i n g 
Pausing i s a d i s t i n c t i v e f e a t u r e o f human s u c k i n g . I t has o n l y been 
demonstrated i n one o t h e r s p e c i e s , t h e r a t ( D r e w e t t , Statham and Wakerley, 
1 9 7 4 ) . 
Several e x p l a n a t i o n s o f why pauses occur have been put f o r w a r d , a l t h o u g h 
as Crook ( i n p r e s s ) c a u t i o n s , i t cannot be assumed t h a t t h e d e t e r m i n a n t s o f 
p a u s i n g are t h e same on t h e b r e a s t as on the b o t t l e . 
Pausing d u r i n g b o t t l e f e e d i n g does not appear t o be caused by momentary 
f a t i g u e , s i n c e pause d u r a t i o n s do n o t c o r r e l a t e w i t h t h e l e n g t h o f t h e 
p r e c e d i n g b u r s t s (Crook, i n p r e s s ) . P o s s i b l e e f f e c t s o f f a t i g u e over l o n g e r 
p e r i o d s o f f e e d i n g i n e v i t a b l y become e n t a n g l e d w i t h any e f f e c t s o f s a t i e t y on 
p a u s i n g . S a t i e t y does seem t o have an e f f e c t ; t h i s i s suggested by W o l f f ' s 
(1973) f i n d i n g t h a t pauses i n c r e a s e i n l e n g t h and frequency d u r i n g a b o t t l e 
f eed w i t h no change i n m i l k f l o w o r c o m p o s i t i o n . T h i s would have two 
e f f e c t s : 
(1 ) I t c o u l d be used by t h e baby as a means o f r e g u l a t i n g m i l k 
i n t a k e ; 
(2 ) Since t h e mother i s l i k e l y t o n o t i c e an i n c r e a s e i n pausing more 
than she would n o t i c e , f o r example, changes i n s u c k i n g r a t e , i t c o u l d serve 
as a means o f s i g n a l l i n g s a t i e t y t o t h e mother. 
Sucking may be o r g a n i z e d such t h a t a c e r t a i n m i l k f l o w r a t e t r i g g e r s 
a p a r t i c u l a r p r o p o r t i o n o f s u c k i n g and pausing. For example, d u r i n g non-
n u t r i t i v e s u c k i n g as commonly d e f i n e d , more pausing i g seen than when m i l k I s 
f l o w i n g . As H i l l m a n and Bruner (1972) suggest, t h e more l i q u i d e n t e r s 
the baby's mouth, t h e more l i k e l y s u c k i n g i s t o c o n t i n u e , once begun. 
Pauses c o u l d occur as a r e s u l t o f t h e v i o l a t i o n o f the baby's e x p e c t a t i o n o f 
a steady m i l k f l o w , as a r e s u l t o f which he stops t o scan t h e s i t u a t i o n . 
A l t e r n a t i v e l y , as Campbell p o i n t s o u t i n a d i s c u s s i o n o f Brown's (1973) 
paper, i n f a n t s c o u l d i n i t i a t e a b u r s t o f sucking i n o r d e r t o i n v e s t i g a t e 
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t h e o b j e c t i n t h e m o u t h , a n d , w h e n t h e y d i s c o v e r t h a t no m i l k i s a v a i l a b l e , 
" s w i t c h o f f " t h e s u c k i n g . Soon a f t e r , t h e y " s w i t c h o n " a g a i n t o i n v e s t i g a t e , 
a n d s o on i n a n " o n / o f f " p a t t e r n . When t h e baby d i s c o v e r s f l u i d i n t h e m o u t h , 
t h e r e i s t h e n n o n e e d t o " s w i t c h o f f " . 
P a u s e s c o u l d a l s o a l l o w t h e r e f i l l i n g o f t h e m i l k s i n u s e s and d u c t s 
u n d e r t h e a r e o l a d u r i n g b r e a s t f e e d i n g . H o w e v e r , A r d r a n , Kemp a n d L i n d 
(1958) s t a t e t h a t t h e p a u s e s a r e l o n g e r t h a n w o u l d be n e e d e d f o r t h i s 
p u r p o s e , a n d C r o o k ( i n p r e s s ) s t a t e s t h a t t h e l e n g t h o f a p a u s e d o e s n o t 
c o r r e l a t e w i t h t h e l e n g t h o f t h e f o l l o w i n g b u r s t ( n e i t h e r a u t h o r s u p p l i e s 
t h e r e l e v a n t d a t a ) . A n o t h e r f u n c t i o n o f p a u s i n g m i g h t be t o p r o t e c t t h e 
m o t h e r ' s n i p p l e f r o m d a m a g e d u r i n g f e e d i n g when m i l k i s n o t f l o w i n g . 
S u s t a i n e d n e g a t i v e p r e s s u r e , u n r e l i e v e d by s w a l l o w i n g , c a n c a u s e l e s i o n s o f 
t h e t i s s u e o f n i p p l e a n d a r e o l a ( G u n t h e r , 1945), H o w e v e r , G u n t h e r a l s o 
s a y s t h a t i n f a n t s c a n m a i n t a i n c o n s i d e r a b l e n e g a t i v e p r e s s u r e d u r i n g a 
p a u s e . 
I t has a l s o b e e n s u g g e s t e d ( B r u n e r , 1968; K a y e , 1972, 1977) t h a t an 
i m p o r t a n t f u n c t i o n o f p a u s e s i s t o p r o v i d e an o p p o r t u n i t y f o r s o c i a l 
i n t e r a c t i o n a n d d i a l o g u e b e t w e e n m o t h e r and c h i l d , and t h a t t h e t u r n - t a k i n g 
d e v e l o p e d d u r i n g f e e d i n g i s a " p r o t o t y p e " f o r s i m i l a r i n t e r a c t i o n i n l a t e r 
d e v e l o p m e n t . And m o t h e r s d o l o o k a t and t a l k t o t h e i r I n f a n t s m o r e d u r i n g 
p a u s e s t h a n d u r i n g s u c k i n g ( B e r n a l Dunn and R i c h a r d s , 1977) 
t h t e r m i t t e n t f l u i d d e l i v e r y 
T h e i n t r o d u c t i o n o f a f e w d r o p s o f l i q u i d i n t o an i n f a n t ' s m o u t h w i l l 
e l i c i t s u c k i n g w h i c h may p e r s i s t l o n g a f t e r i t s i n t r o d u c t i o n ( P e i p e r , 1963; 
C r o o k , 1978). I n a s t u d y o f t h e o r g a n i z a t i o n o f s u c k i n g i n r e s p o n s e t o 
d i f f e r i n g f l u i d c o n t i n g e n c i e s ( D u b i g n o n a n d C a m p b e l l , 1968b), t h e mean 
w i t h i n - b u r s t r a t e o f s u c k i n g d e c r e a s e d f r o m 1.7 t o 1.3 s u c k s p e r m i n u t e 
a n d t h e b u r s t s i n c r e a s e d i n l e n g t h w h e n 0.5 ml o f S% d e x t r o s e s o l u t i o n was 
g i v e n a t e v e r y 10th s u c k . T h u s t h e i n t r o d u c t i o n o f f l u i d a t e v e n t h i s l o w 
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r a t e o f d e l i v e r y h a s a n i m m e d i a t e a n d p r o n o u n c e d e f f e c t , s h i f t i n g t h e n o n -
n u t r i t i v e p a t t e r n t o w a r d s t h a t m o r e t y p i c a l o f n u t r i t i v e s u c k i n g . 
A s i m i l a r i n c r e a s e i n t h e l e n g t h o f s u c l < i n g b u r s t s , a c c o m p a n i e d by a 
d e c r e a s e i n p a u s e l e n g t h , was d e s c r i b e d by H i l l m a n a n d B r u n e r ( 1 9 7 2 ) w i t h 
i n c r e a s e d r e i n f o r c e m e n t i n i n f a n t s r e c e i v i n g m i l k f o r m u l a on f i x e d i n t e r v a l 
( u p t o 2 s e c o n d s ) a n d f i x e d r a t i o ( F R l , FR2 , FR3 , F R h ) s c h e d u l e s . 
T h i s s u g g e s t s t h a t r e c e i v i n g a p a r t i c u l a r v o l u m e o f f l u i d i n r e s p o n s e 
t o a s u c k t r i g g e r s t h e c h a r a c t e r i s t i c r e s p o n s e ( i n t e r m o f t h e r a t e o f s u c k i n g 
w i t h i n t h e b u r s t a n d i n b u r s t l e n g t h ) r e g a r d l e s s o f w h e t h e r t h e same v o l u m e 
o r l e s s i s r e c e i v e d w i t h s u b s e q u e n t s u c k s . M o n i t o r i n g t h e f l u i d and 
" s e t t i n g " t h e a p p r o p r i a t e r e s p o n s e may t h e r e f o r e o n l y t a k e p l a c e a t t h e 
b e g i n n i n g o f e a c h b u r s t o f s u c k i n g , o r be p e r i o d i c . 
2 . 9 . C h a r a c t e r i s t i c s o f t h e i n g e s t e d f l u i d 
O v e r a n d a b o v e t h e e f f e c t o f h a v i n g f l u i d i n t h e m o u t h , t h e 
c h a r a c t e r i s t i c s o f t h e f l u i d c a n i n f l u e n c e t h e i n f a n t ' s s u c k i n g . The 
p r o p e r t y w h i c h has r e c e i v e d m o s t a t t e n t i o n i s t a s t e ; o t h e r s , s u c h as v i s -
c o s i t y ( w h i c h may a l t e r c o n c o m i t a n t l y w i t h t a s t e , as i n s u g a r s o l u t i o n s ) , 
h a v e n o t b e e n c l o s e l y e x a m i n e d f o r an e f f e c t on s u c k i n g . The t e m p e r a t u r e 
o f t h e f l u i d has b e e n f o u n d t o h a v e no m a j o r e f f e c t o v e r t h e r a n g e 2 0 ° - 4 0 ° C . 
( H y t t e n , 1 9 5 1 ) , a l t h o u g h f i n e r e f f e c t s on t h e s t r u c t u r e o f s u c k i n g r h y t h m s 
may y e t be f o u n d . 
W o r k o n t a s t e has c e n t r e d on t h e f o u r b a s i c e l e m e n t s o f t a s t e i n 
h u m a n s ; s w e e t , s o u r b i t t e r a n d s a l t y , and on m i l k i t s e l f , w h o s e f l a v o u r i s 
p r e d o m i n a n t l y t h e r e s u l t o f i t s f a t t y a c i d s a n d i t s l a c t o s e c o n t e n t , t o g e t h e r 
w i t h a n y f l a v o u r s o r i g i n a t i n g i n t h e m o t h e r ' s d i e t w h i c h may a p p e a r i n 
h e r m i l k ( G a l e f a n d S h e r r y , 1 9 7 3 ) . 
N e w b o r n i n f a n t s i n g e s t m o r e o f a c o n c e n t r a t e d s u g a r s o l u t i o n t h a n o f 
a w e a k e r o n e , s u g g e s t i n g t h a t s w e e t e r t a s t e s a r e i n n a t e l y p r e f e r r e d ( M a i l e r 
and D e s o r , 1973). I t i s s u g g e s t e d t h a t p u r e w a t e r i s a v e r s i v e t o human 
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i n f a n t s and t h a t t h e y m a x i m a l l y i n h i b i t i t s i n t a k e , s o t h a t no f u r t h e r 
d i m i n u t i o n i s s e e n w i t h s a l t y , b i t t e r o r s o u r s o l u t i o n s ( D e s o r , M a i l e r a n d 
A n d r e w s , 1 9 7 5 ) » t h o u g h t h e y c a n d e t e c t t h e s e t a s t e s , as shown by t h e e x -
p r e s s i o n s o f d i s s a t i s f a c t i o n t h e y p r o v o k e ( P e t e r s o n and R a i n e y , 1 9 1 0 ) . 
A m o r e s e n s i t i v e i n d i c a t o r o f t h e d i s c r i m i n a t o r y a b i l i t y and t h e p r e -
f e r e n c e s o f i n f a n t s t h a n t h e i r i n t a k e i s t h e t e c h n i q u e d e v e l o p e d by C r o o k 
(1978) . S m a l l q u a n t i t i e s o f t h e t e s t f l u i d a r e g i v e n d u r i n g p a u s e s i n 
n o n - n u t r i t i v e s u c k i n g . A l m o s t i n v a r i a b l y a b u r s t o f s u c k i n g r a p i d l y e n s u e s , 
t h e l e n g t h o f w h i c h i s r e l a t e d t o t h e t a s t e o f t h e f l u i d ; t h e m o r e p r e f e r r e d 
t h e t a s t e , t h e l o n g e r t h e b u r s t . D e c r e a s e d b u r s t l e n g t h w i t h s a l t s o l u t i o n , 
r e l a t i v e t o t h a t i n r e s p o n s e t o p l a i n w a t e r , i s a d e m o n s t r a t i o n o f t h e i n f a n t ' s 
a v e r s i o n t o s a l t . T h i s t e c h n i q u e i s an e x t e n s i o n o f t h e f i n d i n g t h a t s w e e t e r 
f l u i d s r e s u l t i n l o n g e r b u r s t s o f s l o w e r s u c k i n g ( L i p s i t t , 1977). I t s 
f i n d i n g s a c c o r d w i t h t h e f a c t t h a t t h e r e s p o n s e t o a s u g a r s o l u t i o n i s an 
i n c r e a s e i n t h e n u m b e r o f s u c k s p e r m i n u t e as c o m p a r e d w i t h t h e number o b -
t a i n e d w i t h p u r e w a t e r ( K o b r e a n d L i p s i t t , 1972). 
T h i s i n c r e a s e i n s u c k i n g has b e e n e x a m i n e d i n m o r e d e t a i l by L i p s i t t , 
R e i l l y , B u t c h e r and G r e e n w o o d (1976), who f o u n d t h a t t h e w i t h i n - b u r s t 
s u c k i n g r a t e w a s s l o w e r w i t h 15°o s u c r o s e s o l u t i o n t h a n i n t h e c o n d i t i o n 
w i t h no f l u i d . The a s s o c i a t e d i n c r e a s e i n r e s p o n s e s / u n i t t i m e r e s u l t e d 
f r o m a c o m b i n a t i o n o f l o n g e r b u r s t s a n d a r e d u c t i o n i n t h e numbe r o f p a u s e s . 
C r o q k (1977) i n c l u d e d t h e p u r e w a t e r c o n d i t i o n , w h i c h i s n e c e s s a r y 
i n o r d e r t o d i s t i n g u i s h t h e e f f e c t s o f s w e e t n e s s f r o m t h o s e o f f l u i d p e r s e , 
by s u p p l y i n g h i s i n f a n t s w i t h s u c r o s e s o l u t i o n s o f 0, 5, 10 and 15°^. As 
t h e c o n c e n t r a t i o n o f s u c r o s e i n c r e a s e d , t h e number o f b u r s t s d e c r e a s e d a n d 
t h e i r l e n g t h i n c r e a s e d ; b o t h p a r a m e t e r s p e a k e d w i t h t h e 10^ s o l u t i o n . T h e 
d a t a s u g g e s t t h a t 10?^  s u c r o s e i s t h e p r e f e r r e d c o n c e n t r a t i o n . T h e s e r e s u l t s 
a r e i n k e e p i n g w i t h , a n d e x t e n d , t h e f i n d i n g s o f C r o o k a n d L i p s i t t (1976) 
c o n c e r n i n g c h a n g e s i n t h e o r g a n i z a t i o n o f n e w b o r n s ' s u c k i n g w i t h s w e e t 
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s o l u t i o n s . T h e c o n c u r r e n t i n c r e a s e s i n h e a r t - r a t e ( C r o o k a n d L i p s i t t , 1976; 
L i p s i t t , R e i l l y , B u t c h e r and G r e e n w o o d , 1976; L i p s i t t , 1977) f r o m no f l u i d 
t o p l a i n w a t e r and w i t h i n c r e a s i n g s w e e t n e s s h a v e l e d t o t h e s u g g e s t i o n 
t h a t t h e c h a n g e s c o n s t i t u t e a h e d o n i c r e s p o n s e , t h e i n f a n t s ' s u c k i n g b e i n g 
s l o w e d t o e n a b l e s a v o u r i n g o f t h e s w e e t e r , m o r e p l e a s a n t , f l u i d s . H o w e v e r , 
w h e r e a s p r e f e r e n c e s i n d i c a t e d by e . g . t o t a l a m o u n t o f s u c k i n g a n d i n t a k e o f 
f l u i d p e a k a t 10^ s u c r o s e , t h e mean I S I c o n t i n u e s t o i n c r e a s e t h r o u g h t o 15^ 
( C r o o k , 1977) . 
N e w b o r n s c o n s u m e g r e a t e r q u a n t i t i e s o f mi I k t h a n o f w a t e r ( M a i l e r a n d 
D e s o r , 1973)- I n a s t u d y c o m p a r i n g s u c k i n g w i t h 5% c o r n s y r u p a n d m i l k 
f o r m u l a , K r o n e t a l (1967) r e p o r t t h a t i n f a n t s f e d c o w ' s m i l k s u c k e d a t a 
s i g n i f i c a n t l y h i g h e r o v e r a l l r a t e t h a n t h o s e f e d c o r n s y r u p . D u b i g n o n and 
C a m p b e l l (1969) d o c u m e n t e d t h e c h a n g e s i n t h e r h y t h m and w i t h i n - b u r s t 
r a t e o f s u c k i n g w h e n S% d e x t r o s e s o l u t i o n was r e p l a c e d by m i l k f o r m u l a . 
B o t h t h e mean I S I a n d t h e p r o p o r t i o n o f t i m e s p e n t s u c k i n g i n c r e a s e d . 
M o s t s t u d i e s o f s u c k i n g r h y t h m s h a v e used c o w ' s m i l k ; t h e e f f e c t o f 
d i f f e r e n t m i l k s h a s o n l y r e c e n t l y b e e n l o o k e d a t . J o h n s o n a n d S a l i s b u r y 
(1975) e x a m i n e d t h e e f f e c t o f e x p r e s s e d b r e a s t m i l k a n d c o w ' s m i l k o n s u c k i n g 
a n d b r e a t h i n g , u s i n g a n e l e c t r o m a g n e t i c f l o w m e t e r . W h i l e t h e t o t a l number 
o f s u c k s d i d n o t d i f f e r , t h e i r f r e q u e n c y d i s t r i b u t i o n s d i d . T h e r e a r e m o r e 
v e r y s h o r t i n t e r v a l s ( b e l o w 0.5 s e c o n d s ) a n d m o r e l o n g i n t e r v a l s ( a b o v e 1.5 
s e c o n d s ) , i . e . p a u s e s , w i t h b r e a s t m i l k t h a n w i t h c o w ' s m i l k . T h e r e was 
a l s o m u c h m o r e i n d i v i d u a l v a r i a t i o n i n t h e s u c k i n g p a t t e r n s , v a r y i n g f r o m 
t h e s i t u a t i o n w h e r e t h e t w o r e c o r d s f o r an i n f a n t w e r e i n d i s t i n g u i s h a b l e 
t o t h a t w h e r e t h e i n f a n t s u c k e d c o n t i n u o u s l y w i t h c o w ' s m i l k a n d i n a 
p a t t e r n o f b u r s t s a n d p a u s e s w i t h b r e a s t m i l k . ( T h i s may a l s o be a r e f l e c t i o n 
o n t h e c o n s i d e r a b l e a m o u n t o f v a r i a t i o n i n t h e c o m p o s i t i o n o f b r e a s t m i l k , 
b o t h b e t w e e n d i f f e r e n t women a n d i n t h e same vyoman a t d i f f e r e n t s t a g e s o f 
t h e d a y ) . 
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A l l t h e s e many l i n e s o f e v i d e n c e show t h a t t a s t e e x e r t s a p o w e r f u l 
i n f l u e n c e u p o n s u c k i n g r h y t h m s , a f f e c t i n g b o t h t h e o v e r a l l a m o u n t o f t h e 
r e s p o n s e a n d i t s d e t a i l e d s t r u c t u r e . 
I f an i n f a n t ' s s u c k i n g i s c h a n g e d by c h a n g e s i n t h e c o m p o s i t i o n o f t h e 
f l u i d i n g e s t e d , c h a n g e s i n r h y t h m m i g h t be e x p e c t e d as a r e s u l t o f c h a n g e s 
i n t h e c o m p o s i t i o n o f b r e a S ; t m i l k d u r i n g a f e e d . The " h i n d m i l k " has h a l f 
as much p r o t e i n a g a i n and up t o f o u r t i m e s t h e a m o u n t o f f a t o f t h e " f o r e 
mi I k " ( H y t t o n , 195^)• 
H a l l (1975) h a s s u g g e s t e d t h a t t h e c h a n g e s i n t a s t e a n d / o r v i s c o s i t y 
r e s u l t i n g f r o m t h e r i s e i n t h e l i p i d c o n t e n t o f b r e a s t m i l k as t h e b r e a s t 
i s e m p t i e d a c t as c u e s e n a b l i n g t h e b a b y t o o b t a i n t h e a p p r o p r i a t e b a l a n c e 
o f e n e r g y a n d f l u i d . T h i s , s h e s u g g e s t s , i s a c h i e v e d t h r o u g h t h e b a b y 
d e c i d i n g w h e n t o come o f f t h e b r e a s t , r a t h e r t h a n n e c e s s a r i l y by c h a n g i n g 
h i s s u c k i n g . H a l l d o e s n o t d i s c u s s w h e t h e r o r n o t t h e b e h a v i o u r m i g h t be 
l e a r n t , b y , f o r e x a m p l e , a m e c h a n i s m s u c h as t h a t o f c o n d i t i o n e d s a t i a t i o n , 
w h i c h has b e e n d e m o n s t r a t e d i n man by B o o t h , Lee a n d M c A I e a v e y (1976). 
P r e s u m a b l y t h e c u e s o n t h e s e c o n d b r e a s t w o u l d h a v e a s t r o n g e r e f f e c t t h a n 
t h e same o n e s t o w a r d s t h e e n d o f f e e d i n g on t h e f i r s t b r e a s t , i n p a r a l l e l 
w i t h t h e w a y i n w h i c h t h e p a l a t a b i l i t y o f a f o o d c h a n g e s d u r i n g t h e c o u r s e • 
o f a mea l i n a d u l t s as s a t i e t y i s a p p r o a c h e d . 
C h a n , P o l l i t a n d L e i b e l (1979) f o u n d no s u p p o r t f o r H a l l ' s h y p o t h e s i s 
w h e n t h e l i p i d d e n s i t y o f f o r m u l a m i l k was a b r u p t l y i n c r e a s e d d u r i n g a b o t t l e 
f e e d . H o w e v e r , t h e v e g e t a b l e l i p i d s t h e y used w o u l d n o t p r o v i d e t h e 
i n f a n t s w i t h t h e same c u e s as b r e a s t m i l k l i p i d s , and t h e i r s u b j e c t s w e r e 
b o t t l e f e d i n f a n t s who had p r e s u m a b l y n e v e r b e f o r e e n c o u n t e r e d a r i s e 
i n t h e l i p i d d e n s i t y o f t h e m i l k d u r i n g a f e e d . 
I t i s n o t y e t k n o w n w h e t h e r i n f a n t s c a n d i s t i n g u i s h b e t w e e n m i l k o f 
d i f f e r i n g f a t l e v e l s . I f t h e y c a n ( a s seems f a i r l y l i k e l y g i v e n t h e h i g h 
c o n c e n t r a t i o n o f f l a v o u r c o m p o n e n t s i n t h e l i p i d f r a c t i o n ) , i t w o u l d be 
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i n t e r e s t i n g t o s e e w h e t h e r d i f f e r i n g f a t l e v e l s d o i n f l u e n c e t h e o r g a n i z a t i o n 
o f s u c k i n g . So f a r , i t i s o n l y s w e e t n e s s w h i c h has b e e n shown t o e x e r t 
s u c h a n e f f e c t , a n d l a c t o s e l e v e l s r e m a i n much t h e same t h r o u g h o u t a b r e a s t 
f e e d . 
2 .10 . F a c t o r s a r i s i n g w i t h i n t h e b a b y 
When c o n s i d e r i n g t h e c o u r s e o f a f e e d , any e f f e c t s o f a h u n g e r / s a t i a t i o n 
a n d f a t i g u e o n s u c k i n g m u s t a l s o be t a k e n i n t o a c c o u n t . T h e t i m e e l a p s e d 
s i n c e t h e l a s t f e e d i n f l u e n c e s w h e t h e r o r h o t t h e i n f a n t i s w i l l i n g t o 
f e e d i n t h e f i r s t p l a c e . I t seems t h a t o n c e t h e n i p p l e has b e e n a c c e p t e d and 
f e e d i n g b e g u n , t h e a c t u a l d e g r e e o f h u n g e r has l i t t l e e f f e c t on t h e r a t e o f 
' s u c k i n g . D u b i g n o n a n d C a m p b e l l (1969) s t u d i e d s u c k i n g t h r o u g h o u t a b o t t l e 
f e e d ( i . e . n u t r i t i ve s u c k i n g ) . D u r i n g t h e l a s t q u a r t e r o f a f e e d , t h e r e 
was a s i g n i f i c a n t d e c r e a s e i n t h e numbe r o f s u c t i o n and e x p r e s s i o n r e s p o n s e s 
as c o m p a r e d w i t h t h e f i r s t t h r e e q u a r t e r s , w h i c h a l l h a d b r o a d l y s i m i l a r 
c o u n t s . T h u s s a t i e t y was m a r k e d n o t by a d e c r e a s e i n t h e r a t e o f s u c k i n g 
w i t h i n b u r s t s , i n w h i c h no s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d , b u t by t h e 
i n f a n t s s p e n d i n g l e s s t i m e a c t u a l l y s u c k i n g . T h e s u c k i n g m e c h a n i s m a l s o 
a p p e a r e d t o c h a n g e , as t h e r e was an i n c r e a s e i n t h e e x p r e s s i o n / s u c t i o n r a t i o , 
d u e t o a p r o n o u n c e d d r o p i n t h e f r e q u e n c y o f t h e s u c t i o n c o m p o n e n t . The 
a u t h o r s l i k e n i t t o a c h e w i n g o r m o u t h i n g o f t h e n i p p l e . 
S e v e r a l s t u d i e s on t h e e f f e c t o f s a t i e t y o n n o n - n u t r i t i v e s u c k i n g h a v e 
a l s o b e e n r e p o r t e d . L e v i n and Kaye (1964) e x a m i n e d o v e r a l l s u c k i n g r a t e s 
u n d e r n o n - n u t r i t i v e c o n d i t i o n s a t i n t e r v a l s o f b e t w e e n 10 and 90 m i n u t e s 
a f t e r f e e d i n g , a n d o b t a i n e d a s i g n i f i c a n t c o r r e l a t i o n w i t h t i m e s i n c e f e e d i n g . 
On t h e o t h e r h a n d , W o l f f (1972) f o u n d no i n f l u e n c e o f g a s t r i c l o a d i n g w i t h 
m i l k on t h e o r g a n i z a t i o n o f n o n - n u t r i t i ve s u c k i n g o n a b 1 i n d n i p p l e b u t 
d o e s n o t g i v e t h e m e a s u r e o f o v e r a l l s u c k i n g r a t e w h i c h w o u l d a l l o w c o m p a r i s o n 
b e t w e e n t h e t w o f i n d i n g s . 
Any e f f e c t s o f m i l k a n d t h e c o n s e q u e n t d e c r e a s e i n h u n g e r upon t h e . 
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o r g a n i z a t i o n o f s u c k i n g m u s t be d i s s o c i a t e d f r o m t h e i r e f f e c t s on t h e i n f a n t ' s 
b e h a v i o u r a l s t a t e a n d t h e e n s u i n g e f f e c t o f t h i s c h a n g e i n s t a t e upon s u c k i n g . 
H o w e v e r , t h i s may be d i f f i c u l t . 
" T h e p a r t i c u l a r mode o f f u n c t i o n i n g o f t h e n e r v o u s s y s t e m , m a n i f e s t i n g 
i t s e l f as a p a r t i c u l a r s t a t e ( f o r e x a m p l e , r e g u l a r s l e e p , q u i e t w a k e f u l n e s s ) 
has b e e n s h o w n t o be a p r e d i c t o r o f i n f a n t b e h a v i o u r ( P r e c h t l e t a 1 , 1 9 7 3 ) , 
i n c l u d i n g t h e r e s p o n s e t o s t i m u l i . F o r e x a m p l e , s u c k i n g c a n n o t a l w a y s be 
e l i c i t e d by a n i p p l e ; h e n c e i t may o f t e n be i m p o r t a n t t o k n o w t h e s t a t e o f 
an i n f a n t b e i n g s t u d i e d . H o w e v e r , B e l l a n d H a a f ( 1 9 7 1 ) f o u n d v i r t u a l l y no 
c o r r e l a t i o n b e t w e e n t h e s t a t e o f t h e i n f a n t and h i s r e a c t i o n t o a t e s t o f 
m o t o r r e s p o n s e , t o r e m o v a l o f a t e a t , a n d m e a s u r e s o f n o n - n u t r i t i v e s u c k i n g . 
T h e y t h e r e f o r e c a u t i o n , t h a t i t may o f t e n n o t be n e c e s s a r y t o make c o m p l e x 
a s s e s s m e n t s o f s t a t e . 
i n o r d e r t o s t u d y t h e p o s s i b l e e f f e c t s o f h u n g e r on s t a t e a n d on n o n -
n u t r i t i v e s u c k i n g , W o l f f ( 1 9 7 2 ) w o r k e d w i t h y o u n g i n f a n t s r e c o v e r i n g f r o m 
s u r g e r y t o r emedy t r a c h e o - o e s o p h a g e a l f i s t u l a s . T h i s e n a b l e d h i m t o c o m p a r e 
n o r m a l f e e d s , d i r e c t g a s t r o n o m y f e e d s w i t h no o p p o r t u n i t y f o r t h e i n f a n t t o 
s u c k , and f e e d s i n w h i c h t h e i n f a n t s u c k e d f o r m i l k w h i c h was c o n t i n u o u s l y 
a s p i r a t e d f r o m t h e s t o m a c h v i a a g a s t r o n o m y t u b e . L o a d i n g t h e s t o m a c h w i t h 
m i l k , e s p e c i a l l y w h e n t h i s i s a c c o m p a n i e d by s u c k i n g , a f f e c t s t h e i n f a n t ' s 
s t a t e s u c h t h a t he i s m o r e l i k e l y t o f a l l a s l e e p , w h e r e a s o r o - p h a r y n g e a l 
s t i m u l a t i o n a l o n e d o e s n o t h a v e t h i s e f f e c t . W o l f f ' s r e s u l t s c o n f i r m t h e 
v i e w t h a t t h e o r g a n i z a t i o n o f n o n - n u t r i t i v e s u c k i n g , t e s t e d a f t e r f e e d i n g , i s 
n o t a l t e r e d by a n y o f t h e t y p e s o f f e e d , a l t h o u g h t h e l i k e l i h o o d o f s u c k i n g 
I s r e d u c e d . 
As t o t h e e f f e c t s o f f a t i g u e , s t u d i e s on a p a c i f i e r o v e r p e r i o d s o f 
1 0 - 1 5 m i n u t e s ( L e v i n a n d K a y e , 1964 ) show t h a t w o r k d e c r e m e n t s a r e s m a l l 
w i t h a c o m p l e t e r e c o v e r y o f i n i t i a l s u c k i n g r a t e s a f t e r one m i n u t e o f r e s t . 
I n f a n t s a r e c a p a b l e o f s u s t a i n i n g r e m a r k a b l y l o n g p e r i o d s o f s u c k i n g w i t h o u t 
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a p p a r e n t f a t i g u e , i n c o n t r a s t t o a d u l t s who v e r y q u i c k l y t i r e w i t h i n 1 -2 
m i n u t e s w h e n t h e y a t t e m p t t o do l i k e w i s e ( W o l f f , 1 9 6 8 a , b ) . I t a p p e a r s t h e n 
t h a t f a t i g u e h a s no m a j o r i n f l u e n c e o n s u c k i n g p a t t e r n s d u r i n g b o t t l e 
f e e d i n g . 
2 . 1 1 . C o n c l u s i on 
T h e r e s e a r c h c o n d u c t e d t o d a t e o n b e h a v i o u r a l a s p e c t s o f i n f a n t f e e d i n g 
I s c u r i o u s l y d i v i d e d . On t h e o n e h a n d , t h e r e i s a w e a l t h o f " common k n o w l e d g e " 
and t r a d i t i o n a l p r a c t i c e r e l a t i n g t o b r e a s t f e e d i n g and i t s m a n a g e m e n t . T h i s 
i s n o t a l w a y s f i r m l y g r o u n d e d o n e m p i r i c a l d a t a . On t h e o t h e r h a n d , 
l a b o r a t o r y s t u d i e s p r o v i d e a l a r g e b o d y o f s u c h d a t a , a t l e a s t on s u c k i n g 
a n d „ h o w i t i s i n f l u e n c e d ; b u t m o s t o f t h e s e d a t a h a v e b e e n c o l l e c t e d o n 
b o t t l e f e e d i n g i n f a n t s , a n d s t u d i e s o f t h i s k i n d q u i t e i g n o r e t h e need t o 
u n d e r s t a n d t h e b e h a v i o u r o f t h e b a b y i n r e l a t i o n t o t h e m o t h e r ' s l a c t a t i o n . 
I t i s t h e r e f o r e v e r y d i f f i c u l t t o r e l a t e t h e s e b o d i e s o f w o r k o n e t o t h e o t h e r . 
One w o u l d l i k e t o s e e t h e m m o r e c l o s e l y i n t e g r a t e d . 
T h e e m p h a s i s o f t h e b e h a v i o u r i s t t r a d i t i o n I n s t u d y i n g s u c k i n g has 
b e e n t o m o d i f y a n d m a n i p u l a t e s u c k i n g w i t h o u t p r i o r s t u d y o f t h e r a n g e a n d 
o r g a n i s a t i o n o f t h e b e h a v i o u r i n i t s n a t u r a l s e t t i n g . T h e r e i s a need f o r 
o b s e r v a t i o n a l s t u d i e s d e s c r i b i n g t h e o r g a n i s a t i o n o f s u c k i n g d u r i n g n a t u r a l 
b r e a s t f e e d i n g , a n d f o r s t u d i e s o f t h e way t h e s u c k i n g p a t t e r n s r e s p o n d t o 
c h a n g e s i n m i l k f l o w as a r e s u l t o f m i l k e j e c t i o n s o r t h e e m p t y i n g o f t h e 
b r e a s t . S u c h s t u d i e s m i g h t be m o r e r e l e v a n t i n t h e i n v e s t i g a t i o n o f b r e a s t 
f e e d i n g d i f f i c u l t i e s t h a n i s o l a t e d s t u d y o f t h e b a b y ' s s u c k i n g . 
I n t h i s t h e s i s r e s u l t s o f w o r k o f t h i s k i n d a r e p r e s e n t e d . 
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CHAPTER 3 
THE ORGANISATION OF SUCKING DURING BREAST FEEDING 
3 , 1 . I n t r o d u c t i o n 
Some o f t h e f a c t o r s w h i c h i n f l u e n c e t h e o r g a n i s a t i o n o f i n f a n t 
s u c k i n g h a v e b e e n d e s c r i b e d i n C h a p t e r 2 . A r e c u r r i n g t h e m e i s t h a t o f 
t h e t w o d i f f e r e n t s u c k i n g p a t t e r n s , n u t r i t i v e and n o n - n u t r i t i v e , shown by 
human i n f a n t s . T h e s e t w o modes o f s u c k i n g a r e d i s t i n g u i s h e d f i r s t l y by 
t h e i r d i f f e r e n t t e m p o r a l o r g a n i s a t i o n - n o n - n u t r i t i v e s u c k i n g o c c u r s i n a 
b u r s t - p a u s e p a t t e r n , n u t r i t i v e s u c k i n g i n a mo re c o n t i n u o u s s t r e a m o f s u c k s ; 
a n d s e c o n d l y by t h e d i f f e r e n t r a t e s o f s u c k i n g w i t h i n e p i s o d e s o f c o n t i n u o u s 
s u c k i n g , n o n - n u t r i t i v e h a s a mean i n t e r - s u c k i n t e r v a l o f 0 . 4 l - 0 . 4 8 s e c o n d s 
a n d n u t r i t i v e s u c k i n g o f 0 . 7 - 1 .0 s e c o n d s ( W o l f f , 1 9 6 8 a , b ) . 
When t h e c h i l d i s s u c k i n g on t h e b r e a s t , v e r y l i t t l e m i l k i s a v a i l a b l e 
t o h i m b e f o r e m i l k e j e c t i o n , a n d s i n c e t h i s r e s e m b l e s W o l f f ' s n o n -
n u t r i t i v e c o n d i t i o n d u r i n g b o t t l e f e e d i n g o n e w o u l d e x p e c t t o s e e t h e 
c o r r e s p o n d i n g p a t t e r n o f f a s t s u c k i n g i n t e r s p e r s e d by p a u s e s . As t h e m i l k 
b e g i n s t o f l o w , o n e w o u l d e x p e c t t h i s t o c h a n g e t o t h e n u t r i t i v e p a t t e r n o f 
s u c k i n g , and l a t e r on as t h e b r e a s t e m p t i e s one m i g h t e x p e c t a r e t u r n t o t h e 
n o n - n u t r i t i v e p a t t e r n . I n t h i s c h a p t e r , t h e r e f o r e , s u c k i n g p a t t e r n s d u r i n g 
b r e a s t f e e d i n g a r e e x a m i n e d t o s e e w h e t h e r s u c k i n g on t h e b r e a s t c o r r e s p o n d s 
w i t h w h a t w o u l d be e x p e c t e d on t h e b a s i s o f t h i s e a r l i e r w o r k on b o t t l e s . 
T h i s p o s s i b i l i t y i s o f i n t e r e s t f o r t w o r e a s o n s : 
( 1 ) . T h e d a t a o n n u t r i t i v e a n d n o n - n u t r i t i v e s u c k i n g r e l a t e d t o b o t t l e 
f e e d i n g and we n e e d t o know w h e t h e r c o m p a r a b l e r e s u l t s a r e f o u n d d u r i n g 
b r e a s t f e e d i n g , t o w h i c h i t i s n a t u r a l l y a d a p t e d . 
( 2 ) I f i t i s p o s s i b l e t o p i c k up a c l e a r a n d o b v i o u s c h a n g e i n t h e s u c k i n g 
r a t e a r o u n d t h e p o i n t o f m i l k e j e c t i o n as t h e m i l k s u d d e n l y b e g i n s t o f l o w , 
t h i s c o u l d p r o v i d e a n o n ~ i n t r u s i v e way o f d e t e c t i n g t h e o c c u r r e n c e o f a m i l k 
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e j e c t i o n , i n c o n t r a s t t o m o r e d i s r u p t i v e m e t h o d s s u c h as c a n n u l a t i o n o f t h e 
n i p p l e (Cobo e t a l , 1 9 6 7 ; L u t h e r e t a l , 1 9 7 4 ) . 
T h i s c o u l d be o f use i n s t u d y i n g d i f f i c u l t i e s a s s o c i a t e d w i t h b r e a s t 
f e e d i n g ; t h e s u c k i n g r a t e o f t h e b a b y m i g h t I n d i c a t e w h e t h e r o r n o t m i l k 
was a v a i l a b l e a n d t h e r e f o r e w h e t h e r t h e m i l k e j e c t i o n was b e i n g b l o c k e d , f o r 
e x a m p l e by s t r e s s o r a n x i e t y ( N e w t o n a n d N e w t o n , 1 9 4 8 ) . 
3 . 2 . S u b j e c t s 
The s u b j e c t s w e r e e i g h t l a c t a t i n g , b r e a s t f e e d i n g m o t h e r s and t h e i r 
b a b i e s . M o s t o f t h e m o t h e r s w e r e a p p r o a c h e d d u r i n g a n t e - n a t a l N a t i o n a l 
C h i l d b i r t h T r u s t c l a s s e s a n d i f t h e y e x p r e s s e d I n t e r e s t I n t a k i n g p a r t I n 
t h e r e s e a r c h t h e y w e r e c o n t a c t e d a g a i n t h r e e t o f o u r weeks a f t e r t h e b i r t h 
o f t h e i r c h i l d . T h e o t h e r women w e r e c o n t a c t e d i n f o r m a l l y . No c r i t e r i a f o r 
i n c l u s i o n o t h e r t h a n t h e g o o d h e a l t h o f m o t h e r and c h i l d w e r e u s e d . The 
e i g h t i n f a n t s w e r e s t u d i e d f o r a t o t a l o f 41 b r e a s t f e e d i n g s e s s i o n s 
( d e t a l I s i n T a b l e 3 . 1 ) . 
TABLE 3 . 1 
P a r i t y o f Age o f b a b y i n N o . o f 
S u b j e c t s m o t h e r d a y s a t 11 me o f s e s s i o n s 
s e s s i o n ( s ) 
Ms F . and A l e x a n d r a (AF ) 1 2 8 - 56 3 
Ms G. and A n g e l a (AG) 1 9 1 - 1 2 1 k 
Ms L . and A n d r e a ( A L ) 1 29 1 
Ms R. and E m i l y (ER) 1 23 -120 12 
Ms R. a n d S i a n (SR) 2 35- 70 4 
Ms S . a n d J a m i e ( J S ) 1 3 2 - 1 1 6 9 
Ms Y . and James ( J Y ) 1 2 5 - 98 6 
Ms Z . and J o a n n a ( J Z ) 2 4 5 - 64 2 
3 . 3 . M e t h o d 
A room was s e t a s i d e as a n u r s e r y t o b e used p u r e l y f o r w o r k on I n f a n t 
f e e d i n g . F o r r e a s o n s o f h y g i e n e , o n l y t h o s e d i r e c t l y I n v o l v e d w i t h t h i s w o r k 
w e r e a l l o w e d i n t o t h e r o o m . The room r e s e m b l e d a s i t t i n g - r o o m , w i t h e a s y 
c h a i r s , o n e o f w h i c h was p a r t i c u l a r l y s u i t a b l e f o r s i t t i n g I n t o b r e a s t f e e d . 
The room was q u i e t a n d t h e w i n d o w was h i g h e n o u g h t o p r e v e n t p a s s e r s - b y s e e i n g 
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i n . T h e a r r a n g e m e n t o f t h e r o o m d u r i n g r e c o r d i n g s e s s i o n s i s I l l u s t r a t e d i n 
d i a g r a m m a t i c f o r m i n F i g u r e 3 . 1 . 
On a p r e - a r r a n g e d d a y , t h e m o t h e r was c o n t a c t e d e a r l y i n t h e m o r n i n g 
t o e s t a b l i s h t h e t i m e o f h e r b a b y ' s n e x t f e e d , as f a r as i t was p o s s i b l e t o 
p r e d i c t i t . T h e c o u p l e w e r e t h e n f e t c h e d s o as t o a r r i v e a t t h e n u r s e r y 
f i f t e e n m i n u t e s b e f o r e t h i s t i m e , a l l o w i n g t i m e f o r s e t t l i n g I n . The m o t h e r s 
w e r e a s k e d t o b r e a s t f e e d t h e i r I n f a n t s as t h e y w o u l d a t h o m e , f o r t h e same 
l e n g t h o f t i m e , w i t h s u c h i n t e r r u p t i o n s as t h e y w i s h e d . The b a b y was n o t 
p u t t o t h e b r e a s t u n t i l he ( o r s h e : b u t I w i l l use " h e " ) s h o w e d c l e a r s i g n s 
o f h u n g e r s u c h as r o o t i n g b e h a v i o u r , a g i t a t i o n o r c r y i n g . T h i s was l e f t 
e n t i r e l y t o t h e d i s c r e t i o n o f t h e m o t h e r . The e m p h a s i s t h r o u g h o u t was on 
m i n i m a l d i s r u p t i o n t o t h e f e e d , t h e a i m b e i n g t h a t i t s h o u l d r e s e m b l e , i n 
t i m i n g , c o m f o r t and p r i v a c y , a f e e d a t h o m e , and t h u s d i s t u r b t h e I n f a n t ' s 
b e h a v i o u r as l i t t l e as p o s s i b l e . E v e r y e f f o r t was made t o p u t t h e m o t h e r a t 
h e r e a s e a n d t h e s e s s i o n s w e r e n o t h u r r i e d i n any w a y . 
A H i t a t c h i v i d e o t a p e r e c o r d e r , m o d e l S\I~6\2K, and a S h i b a d e n CCTV 
c a m e r a , m o d e l H V - 1 6 5 , w e r e u s e d , t o g e t h e r w i t h a t e l e v i s i o n s c r e e n i n t h e 
n u r s e r y f o r m o n i t o r i n g t h e p i c t u r e d u r i n g r e c o r d i n g . T h e v i d e o r e c o r d e r 
w a s h o u s e d i n a n a d j a c e n t room i n c a s e I t s f a i r l y l o u d r u n n i n g n o i s e d i s t u r b e d 
t h e b a b y o r t h e m o t h e r . T h e b a b y ' s f a c e was v i e w e d f r o m t h e s i d e , s o as t o 
h a v e t h e l i n e o f t h e c a m e r a a t r i g h t - a n g l e s t o t h e d i r e c t i o n t h e c h i l d was 
f a c i n g . T h i s g a v e a c l e a r v i e w o f t h e movements o f t h e j a w , c h e e k s and t h r o a t 
d u r i n g f e e d i n g . B e c a u s e o f t h e n e e d f o r a c l o s e - u p v i e w o f t h e I n f a n t ' s 
s u c k i n g m o v e m e n t s , t h e p i c t u r e g e n e r a l l y i n c l u d e d t h e m o t h e r ' s b r e a s t b u t 
n o t h i n g m o r e , as a r e s u l t o f w h i c h h e r b e h a v i o u r and t h a t o f t h e b a b y , o t h e r 
t h a n s u c k i n g , w e r e n o t g e n e r a l l y v i s i b l e . 
3 . 4 . T r a n s f e r o f s u c k i n g r e c o r d f r o m y i d e o t a p e t o c o m p u t e r 
T h e v i d e o r e c o r d i n g s w e r e f i r s t t i m e d w i t h a s t o p - w a t c h t o g i v e a 








Mother ^ C h a i r 
DOOR 
h i g u r e 3 . I . A r r a n g e m e n t o f n u r s e r y d u r i n g ' r e c o r d i n g s e s s i o n s 
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g r e a t l y f a c i l i t a t e d t h e s u b s e q u e n t k e y l n g - i n o f t h e s u c k s . 
To i n c r e a s e t h e m a n a g e a b i l i t y o f t h e l a r g e a m o u n t o f d a t a t h e s u c k s w e r e 
s t o r e d o n c o m p u t e r d i s c . M a n u a l k e y - p r e s s i n g s i g n a l s w e r e u s e d t o I n d i c a t e 
s u c k s , a n d t h e s e w e r e s t o r e d as t h e s e q u e n t i a l I n t e r - s u c k i n t e r v a l s o f a 
f e e d . T h u s as t h e v i d e o r e c o r d i n g was v i e w e d t h e k e y was p r e s s e d e a c h t i m e a 
s u c k o c c u r r e d . ( I t s h o u l d be b o r n e i n m i n d t h a t i n t e r - s u c k i n t e r v a l s 
i n c l u d e t h e d u r a t i o n o f t h e s u c k s t h e m s e l v e s , w h i c h a r e d i f f i c u l t t o d e l i n e a t e , 
as w e l l as t h e a c t u a l i n t e r v a l s b e t w e e n t h e m , and t h e r e f o r e a r e e s s e n t i a l l y 
i n t e r v a l s b e t w e e n s u c c e s s i v e e q u i v a l e n t p o i n t s i n t h e s u c k i n g c y c l e , and n o t , 
l i t e r a l l y , b e t w e e n s u c k s ) . 
S u c k s w e r e g e n e r a l l y v e r y o b v i o u s a n d c l e a r f r o m t h e r h y t h m i c m o v e m e n t s 
o f t h e j a w a n d c h e e k s . ( O c c a s i o n a l l y i f t h e j a w was o b s c u r e d f r o m t i m e t o t i m e , 
d e s p i t e t h e m o t h e r ' s a t t e m p t s t o make I t m o r e v i s i b l e , t h e c o n c u r r e n t m o v e m e n t s 
o f t h e b r e a s t p r o v e d v e r y h e l p f u l i n f o l l o w i n g t h e s u c k s ) . A s u c k was r e c o r d e d 
a t a p o i n t i m m e d i a t e l y f o l l o w i n g t h e c o m p l e t i o n o f t h e " u p - s t r o k e " , i . e . 
when t h e i n f a n t ' s l o w e r j a w had come up t o meet t h e u p p e r . T h i s was c h o s e n 
b e c a u s e i t i s a v e r y c l e a r p o i n t i n t h e s u c k i n g c y c l e . S u c k s w e r e r e c o r d e d 
a s l i g h t i n t e r v a l a f t e r t h i s p o i n t i n o r d e r n o t t o a n t i c i p a t e a s u c k b e f o r e i t 
had o c c u r r e d , w h i c h i s a d a n g e r when r e c o r d i n g s u c h a s e r i e s o f r h y t h m i c a l 
m o v e m e n t s w h e r e s u c c e s s i v e i n t e r v a l s c a n i n f a c t v a r y c o n s i d e r a b l y i n any 
b u r s t o f s u c k i n g . 
R e a c t i o n t i m e s b e t w e e n o b s e r v i n g a s u c k and p r e s s i n g t h e k e y w i l l 
i n e v i t a b l y v a r y a n d a r e l i k e l y t o be b e t w e e n 150 a n d 2 0 0 m i l l i s e c o n d s ( T e i c h n e r 
a n d K r e b s , 1 9 7 2 ) . T h i s c o n s t i t u t e s a n o n - s y s t e m a t i c e r r o r , t h e e f f e c t o f 
w h i c h o n t h e a c c u r a t e r e p r e s e n t a t i o n o f t h e r a t e o f s u c k i n g o v e r a p e r i o d o f 
t i m e w i l l be m i n i m a l . As a m e a s u r e o f t h e r e l i a b i l i t y o f t h e k e y i n g - i n , 
t h e s u c k s f r o m o n e s e c t i o n o f t a p e a p p r o x i m a t e l y o n e m i n u t e l o n g w e r e 
t r a n s c r i b e d t h r e e t i m e s , w i t h t h e f o l l o w i n g r e s u l t s : 
N o . o f s u c k s 
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Mean o f i n t e r s u c k 
I n t e r v a l s ( w l t h f n 
b u r s t s ) 
1 9 8 7 0 . 1 c e n t i s e c o n d s 
2 100 7 0 . 3 " 
3 99 69.1 
T h e moment o f g o i n g o n t h e b r e a s t was d e f i n e d as t h e moment t h e i n f a n t 
t o o k t h e n i p p l e f i r m l y and f u l l y i n t o h i s m o u t h ( n o t m e r e l y t o u c h i n g i t w i t h 
h i s l i p s o r t o n g u e ) a n d t h e b a b y was r e c o r d e d as h a v i n g come o f f t h e b r e a s t 
w h e n h e r e l e a s e d t h e n i p p l e f r o m h i s m o u t h , and b r e a s t and m o u t h w e r e no 
l o n g e r i n c o n t a c t . 
I n a d d i t i o n t o t h e k e y f o r r e c o r d i n g t h e s u c k s , a s e c o n d k e y was a v a i l a b l e 
w h i c h a c t e d as a n e v e n t r e c o r d e r . When t h e i n t e r - s u c k i n t e r v a l s w e r e l i s t e d 
on t h e c o m p u t e r p r i n t - o u t , an " X " was p r i n t e d b e s i d e t h e i n t e r v a l s d u r i n g 
w h i c h t h e " e v e n t " was r e c o r d e d . T h i s was used t o r e c o r d s u b j e c t i v e r e p o r t s 
o f m i l k e j e c t i o n , r e c o r d e d o n t h e s o u n d c h a n n e l o f t h e v i d e o t a p e . 
Each s e p a r a t e b l o c k o f d a t a was k e y e d - i n w i t h t h e b e g i n n i n g o f t h e 
r e c o r d b e i n g t h e p o i n t a t w h i c h t h e f i r s t s u c k o c c u r r e d ; t h e end o f a b l o c k 
was s i g n a l l e d e i t h e r m a n u a l l y w h e n t h e b a b y came o f f t h e b r e a s t , o r by an 
a u t o m a t i c c u t - o f f a t 5 m i n u t e s , w h i c h was t h e maximLm p e r i o d f o r w h i c h I c o u l d 
f o c u s on t h e m o n i t o r s c r e e n w i t h t h e n e c e s s a r y d e g r e e o f a t t e n t i o n w i t h o u t 
c o n s i d e r a b l e e y e - s t r a i n . T h u s w h e r e t h e b a b y was on t h e b r e a s t c o n t i n u o u s l y 
f o r 5 m i n u t e s o r m o r e , t h e f i r s t f i v e m i n u t e s o n l y o f t h i s p e r i o d on t h e b r e a s t 
w e r e r e c o r d e d . A r e p r e s e n t a t i v e s a m p l e o f s u c k i n g d u r i n g t h e f e e d was o b t a i n e d , 
s i n c e t h e I n f a n t s g e n e r a l l y came o f f s e v e r a l t i m e s d u r i n g a f e e d ( s e e F i g u r e 3 - 4 ) 
T h e b l o c k s o r e p i s o d e s o f s u c k i n g s t o r e d on d i s c w e r e l a b e l l e d l A , 
I B , 2 A , 2B e t c . , 1 a n d 2 r e f e r r i n g t o t h e f i r s t and s e c o n d b r e a s t a n d 
A , B, e t c . t o t h e s e r i a l o r d e r o f t h e e p i s o d e s o n e a c h s i d e . The f o l l o w i n g 
I n f o r m a t i o n was r e c o r d e d w i t h e a c h e p i s o d e : 
Name a n d a g e o f b a b y ; 
L e f t o r r i g h t b r e a s t ; 
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1st o r 2nd s i d e ; 
S e r i a l o r d e r o f e p i s o d e o n e a c h b r e a s t - A , B , C, e t c . 
3.5 . .ResuJLli 
F i g u r e 3.2 shows t h e d i s t r i b u t i o n o f t h e l e n g t h o f t h e f e e d s a n d F i g u r e 
3.3 t h e p e r i o d s o f t i m e a c t u a l l y s p e n t on t h e n i p p l e . 
T h e raw d a t a on s u c k i n g s t o r e d i n t h e c o m p u t e r a r e t h e s u c c e s s i v e I n t e r -
s u c k i n t e r v a l s - in c e n t i s e c o n d s f o r e a c h e p i s o d e , l A , I B , e t c . o f e a c h b r e a s t 
f e e d . T h e s e i n t e r - s u c k i n t e r v a l s w e r e g r o u p e d t o g e t h e r i n l O - s e c o n d 
c a t e g o r i e s ( b i n s ) , f o r a l l f e e d i n g e p i s o d e s p o o l e d . 
The d i s t r i b u t i o n o f t h e s e i n t e r - s u c k i n t e r v a l s c a n be s e e n i n F i g u r e 3 .4 
as a h i s t o g r a m o f t h e n u m b e r o f i n t e r v a l s i n e a c h b i n . T h e same d a t a 
p r e s e n t e d as a h i s t o g r a m o f t h e s u r v i v o r s c o r e s a r e p l o t t e d i n F i g u r e 3 .5. 
B e g i n n i n g w i t h t h e t o t a l n u n b e r o f s c o r e s , t h o s e i n e a c h s u c c e s s i v e b i n a r e 
s u b t r a c t e d i n t u r n . The s u r v i v o r d a t a a r e p l o t t e d o n a l o g a r i t h m i c s c a l e 
i n F i g u r e 3 .6 . T h i s i s t h e l o g s u r v i v o r f u n c t i o n , a t r a n s f o r m a t i o n o f t h e 
f r e q u e n c y h i s t o g r a m i n w h i c h t h e i n t e r v a l s a r e c u m u l a t e d t o t h e l e f t and t h e 
f r e q u e n c y v a l u e s a r e l o g g e d ( M a c h l i s , 1977). P l o t t e d as l o g s u r v i v o r f u n c t i o n s , 
n e g a t i v e e x p o n e n t i a l c u r v e s a p p e a r as s t r a i g h t l i n e s , a n d t h e p r o b a b i l i t y o f 
a n i n t e r - s u c k i n t e r v a l o c c u r r i n g i n t h e c a t e g o r y a d j a c e n t t o a n y p a r t i c u l a r 
c a t e g o r y i s p r o p o r t i o n a l t o t h e s l o p e o f t h e l i n e (Cox and L e w i s , I966; 
M a c h l i s , 1977)• 
T h e t w o s t r a i g h t l i n e s o f F i g u r e 3-6 r e p r e s e n t t w o s m o o t h d i s t r i b u t i o n s 
o f i n t e r - s u c k I n t e r v a l s . T h i s i n d i c a t e s t w o n e g a t i v e e x p o n e n t i a l d e c a y s 
i n t h e d i s t r i b u t i o n o f i n t e r v a l s , a p p r o x i m a t e l y f r o m 0 . 4 t o 1.1 s e c o n d s and 
f r o m 1.5 s e c o n d s u p w a r d s . Once an i n t e r - s u c k i n t e r v a l o f t h e f o r m e r d i s t r i b u t i o n 
( o f s h o r t e r i n t e r v a l s ) has o c c u r r e d , t h e p r o b a b i l i t y i s h i g h t h a t i t w i l l 
be f o l l o w e d by o t h e r s h o r t i n t e r - s u c k i n t e r v a l s i n r a p i d s u c c e s s i o n ; i n o t h e r 
w o r d s s u c k s o c c u r I n b u r s t s . 
T h e p o i n t o f i n t e r s e c t i o n o f t h e s e t w o d i s t r i b u t i o n s c a n t h u s s e r v e 
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0 - 5 5 -10 10-15 15-20 20-25 25-30 30-35 35-40 40 + 
Mean (of one averaged value per baby) -20-4 minutes 
F i g u r e 3 . 2 . D i s t r i b u t i o n c f l e n g t h o f b r e a s t f e e d s 
0 - 5 5-10 10-15 15-20 20-25 25-30 30-35 35 -40 
MINUTES 
Meon (of one averaged value per baby) = 17-3 minutes 





0 i 2 3 4 5 6 7 « 
LENGTH OF INTERVALS (SECS) 






® f ® ? ® a ® 
2 3 4 5 6 7 8 9 10 
SI 




F i g u r e 3 . 6 . Loc s u r v i v o r f u n c t i o n o f I n t e r - G u c K i n t e r v a l s 
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t o mark t he d i v i s i o n between t h e s h o r t w i t h i n - b u r s t i n t e r ~ s u c k i n t e r v a l s and 
t h e l o n g e r pauses between b u r s t s o f s u c k i n g . 
The method o f l e a s t squares was used t o f i n d t h e bes t s t r a i g h t l i n e s f o r 
t h e two d i s t r i b u t i o n s , as f o l l o w s : 
D i s t r i b u t i o n 1 D i s t r i b u t i o n 2 
Axes (wi t h i n - b u r s t (pauses) 
s u c k i ng)" 
1 . X = l e n g t h o f I S I ' s , y = no , o f I S I ' s 
g r a d i e n t - 0 . 0 1 4 -Q.OOl 
i n t e r c e p t 5 .05 3.43 
c o r r e l a t i o n 0 .998 - 0 . 9 9 9 
2 . X = n o . o f I S i ' s , y = l e n g t h o f i S I ' s 
g r a d i e n t " 7 2 . 3 0 - 7 4 1 . 7 9 
i n t e r c e p t 365 .57 2565.04 
c o r r e l a t i o n - 0 .998 - 0 . 9 9 9 
The two s e t s o f v a l u e s f o r t h e g r a d i e n t (m) and t he i n t e r c e p t (c ) 
o b t a i n e d f r o m t h e y on x and t h e x on y were s u b s t i t u t e d i n t o t he e q u a t i o n s 
h -~ "^1 ^1 ^ ^1 
^2 = "^2 ^2 "2 
The two d i s t r i b u t i o n s c r o s s a t t h e p o i n t ( x , y ) where bo th e q u a t i o n s a re 
s a t i s f i e d , and by s o l v i n g t h e two e q u a t i o n s s i m u l t a n e o u s l y a v a l u e f o r t he 
i n t e r c e p t ( x , y ) i s o b t a i n e d , f o r x on y and y on x . 
1 . 130 .4 c e n t i s e c o n d s 
Mean = 129.6 c e n t i s e c o n d s 
2 . 128 .8 c e n t i s e c o n d s 
V a l u e s 1 and 2 a r e v e r y c l o s e , w h i c h , t o g e t h e r w i t h t he h i g h v a l u e s o f 
t h e c o r r e l a t i o n s ( a b o v e ) , i n d i c a t e s two d i s t i n c t and w e l 1 - s e p a r a t e d d i s t r i b u t i o n s , 
The mean f i g u r e f o r t h e i n t e r c e p t i s rounded up t o I30 c e n t i s e c o n d s , o r 
1.3 s e c o n d s , as t he t e c h n i q u e o f t r a n s c r i b i n g t he sucks does n o t w a r r a n t a 
g r e a t e r deg ree o f p r e c i s i o n . I t i s i n t e r e s t i n g t h a t t h e o v e r l a p between t h e 
two d i s t r i b u t i o n s i s i n f a c t so s m a l l when i t i s c o n s i d e r e d t h a t t h e 
e f f e c t o f t h e n o n - s y s t e m a t i c e r r o r due t o random v a r i a t i o n i n r e a c t i o n t i m e 
between o b s e r v i n g a suck and k e y i n g i t i n t o t he computer wou ld be t o b l u r t h e 
t r a n s i t i o n p o i n t r a t h e r t h a n t o i n t r o d u c e a b i a s towards e i t h e r l o n g o r 
s h o r t sucks» 
For t h e r e s t o f t h i s t h e s i s t h e f o l l o w i n g t e r m i n o l o g y i s u s e d . I n t e r v a l s 
between sucks w h i c h l a s t l o n g e r than ] „ 3 seconds a r e c a l l e d " p a u s e s " ; 
i n t e r v a l s between sucks o f 1.3 seconds o r l ess a r e c a l l e d " i n t e r - s u c k i n t e r v a l s " 
( i S I ' s ) . I n t e r - s u c k i n t e r v a l s p r o v i d e a measure o f " w i t h i n - b u r s t s u c k i n g 
r a t e " ( o r s i m p l y " s u c k i n g r a t e " ) . " B u r s t s " c o n s i s t o f one o r more s u c k s . 
Two o r more a d j a c e n t sucks a r e c l a s s i f i e d as one b u r s t when t h e i n t e r v a l s 
between them a r e a l l l e s s t han 1.3 seconds ( i . e . a r e " i n t e r - s u c k i n t e r v a l s " ) . 
The sum o f t h e pauses as a p e r c e n t a g e o f t h e t o t a l t i m e on t h e b r e a s t i s c a l l e d 
t h e " p e r c e n t a g e p a u s i n g t i m e " . 
The c u t - o f f p o i n t o f 1.3 seconds between t he d i s t r i b u t i o n s o f i n t e r - s u c k 
i n t e r v a l s ( c o n t i n u o u s s u c k i n g w i t h i n b u r s t s ) and o f t he pauses between the b u r s t s 
was used i n a l l subsequen t a n a l y s e s . 
F i g u r e 3 -7 shows l o g s u r v i v o r f u n c t i o n s f o r t h e f i r s t and second b r e a s t 
s e p a r a t e l y . These f u n c t i o n s a r e n o r m a l i s e d , i . e . the number o f I S I ' s in each 
b i n i s e x p r e s s e d as a p e r c e n t a g e o f t h e t o t a l . They a r e shown i n t h i s f o rm t o 
a l l o w compa r i son between t h e two s i d e s . 
F i g u r e 3 .8 shows t h e d i s t r i b u t i o n o f i n t e r v a l s o f each l e n g t h on s i d e s 
1 and 2 . Bo th t y p e s o f r e p r e s e n t a t i o n a r e needed in o r d e r t o g i v e a c l e a r p i c t u r e 
o f t h e d i s t r i b u t i o n o f t h e i n t e r v a l s between s u c k s . 
The t o t a l number o f i n t e r v a l s on each s i d e i s s i m i l a r {]2,k7h f o r s i d e 1 
and 12,665 f o r s i d e 2 ) . From F i g u r e 3 .8 i t i s c l e a r t h a t t h e r e i s a g r e a t e r 
number o f l o n g i n t e r v a l s on s i d e 2 t h a n on s i d e 1 . F i g u r e 3 .8 shows t h a t 
t h e modal i n t e r v a l on s i d e 1 i s 0 ,6 seconds whereas on s i d e 2 i t i s 0 .5 
s e c o n d s . The w i d e r c u r v e f o r s i d e 1 i n d i c a t e s a g r e a t e r v a r i a b i l i t y o f i n t e r v a l s 
than o c c u r s i n t h e more peaked d i s t r i b u t i o n o f s i d e 2 . 
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F i g u r e 3 . 7 . j t o H H l l g g d : ^ ^ i n t e r - s u c k i n t e r v . K 
f / o - j ] ^B reas t 1 and B r e a s t 2 
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F i g u r e 3 - 8 . Pe rcen tage o f i n t e r v a l s o f p a r t i c u l a r l e n g t h s , 
B r e a s t s 1 and j e o a r a t e ' ' ' 
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t h e s i n g l e v a l u e p e r baby r e p r e s e n t s t h e poo led da ta f r o m a l l t h a t b a b y ' s 
f e e d s , and t h e s c o r e s on t h e two s i d e s were e v a l u a t e d u s i n g a t ~ t e s t . The 
d i f f e r e n c e s do no t r each s i g n i f i c a n c e w i t h t h i s t e s t . 
TABLE 3 .2 
PERCENTAGE PAUSING TIME 
S u b j e c t S ide 1 S ide 2 
AF 29% • 42% 
AG \1% 23% 
AL 18°^ 30% 
ER 11% 40% 
SR 31% 55% 
JS 38% 
JY l(y% 38% 
JZ 20% 15% 
Mean 25.5% 3 5 . 1 % 
S .E . 3 .1 4 . 4 
t - t e s t ; 
t = 1 . 1 8 2 , N.S. 
3 .6 D i s c u s s i o n 
The s u c k i n g r e c o r d s p r e s e n t e d he re do no t u p h o l d t h e concep t o f two 
d i cho tamous s u c k i n g r a t e s , n u t r i t i v e s l ow s u c k i n g and n o n - n u t r i t i v e f a s t 
s u c k i n g p u n c t u a t e d by p a u s e s . The o n l y d i s c o n t i n u i t y in t h e o v e r a l l l o g 
s u r v i v o r f u n c t i o n o f F i g u r e 3 . 6 o c c u r s w e l l o u t s i d e t he range o f t h a t p o s t -
u l a t e d t o d i v i d e n u t r i t i v e f r o m n o n - n u t r i t i v e s u c k i n g , i n t h a t t h e r e appear 
t o be two s e p a r a t e d i s t r i b u t i o n s , t h a t o f i n t r a - b u r s t ( s h o r t ) and o f i n t e r -
b u r s t ( l o n g ) i n t e r v a l s ( r e f e r r e d t o i n t h i s t e x t as I S I ' s and pauses , r e s -
p e c t i v e l y ) . The d i s t r i b u t i o n s a r e q u i t e d i s t i n c t , w i t h t h e t r a n s i t i o n between 
them o c c u r r i n g a t 1.3 seconds . 
W i t h i n t h e d i s t r i b u t i on o f i n t e r v a l s below 1.3 seconds , I S I ' s a r e g raded 
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between 0 , 5 and 1.1 seconds . T h i s range cove rs t he s u c k i n g r a t e s o f b o t h 
n u t r i t i v e and n o n - n u t r i t i v e s u c k i n g as d e s c r i b e d b y , f o r examp le , W o l f f 
( 1 9 6 8 a , b ) f o r b o t t l e f e e d i n g i n f a n t s . I f t he n u t r i t i v e and n o n - n u t r i t i v e 
s u c k i n g r a t e s were d i s c o n t i n u o u s , such bimodal d i s t r i b u t i o n wou ld be 
r e f l e c t e d in t h e l o g s u r v i v o r f u n c t i o n . 
H. Kaye (196 ' t , q u o t e d by t h e same a u t h o r , I 968 ) e x c l u d e s I S I ' s g r e a t e r 
t han 1.5 seconds f r o m b u r s t s o f s u c k i n g but does not g i v e t h e r a t i o n a l e 
b e h i n d h i s c h o i c e ; n e i t h e r do Samero f f (1971) o r W o l f f ( 1 9 7 3 ) , who use a 
c r i t e r i o n o f 1,0 s e c o n d s . K. Kaye (1977) d e f i n e s t h e c u t - o f f p o i n t as 2 . 0 
seconds on t h e b a s i s t h a t s i n c e t h e d i s t r i b u t i o n o f sucks he f i n d s in b r e a s t 
and b o t t l e f e e d i n g i s b imoda l and a l m o s t no i n t e r v a l s o f 2 . 0 seconds a r e 
• s e e n , t h i s i s l i k e l y t o be t h e t r a n s i t i o n p o i n t . 
The c u t - o f f between I S I ' s and pauses occu rs a t t . 3 seconds , as d e t e r -
m ined f r o m t h e s u r v i v o r f u n c t i o n . 
Th t d i s t r i b u t i o n o f I S I ' s d i f f e r between t he two s i d e s ( F i g u r e s 3 . 7 , 3 . 8 ) ; 
t he mode on s i d e 1 o c c u r s a t a h i g h e r I SI than t h a t o f s i d e 2 , i . e . s u c k i n g , 
i s s l o w e r o v e r a l l , and on s i d e 1 t h e r e I s a g r e a t e r v a r i a b i 1 I t y about t h e 
mode. 
Why i s t h e b a b y ' s s u c k i n g d i f f e r e n t on the second b r e a s t ? F a t i g u e 
has been shown t o have l i t t l e i n f l u e n c e on suck ing p a t t e r n s In b o t t l e 
f e e d i n g (see C h a p t e r 2 ) . N e v e r t h e l e s s , i t is f e a s i b l e t h a t , d e s p i t e t h e 
f a c i l i t a t i n g m i l k e j e c t i o n mechan ism, s u c k i n g on t h e b r e a s t c o u l d p r o v e t o 
be c u m u l a t i v e l y more t i r i n g f o r t h e baby than b o t t l e f e e d i n g s i n c e t he baby 
must a c t i v e l y m a i n t a i n t h e shape o f t h e t e a t ( fo rmed f r o m n i p p l e and a r e o l a ) 
In o r d e r t o f e e d . Thus f a t i g u e c o u l d p o s s i b l y be a f a c t o r In c h a n g i n g 
s u c k i n g p a t t e r n s . 
The b a b y ' s hunger i s l i k e l y t o be reduced by t he t i m e he I s pu t t o nu rse 
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on t h e second b r e a s t because he w i l l have a l r e a d y consumed a good p o r t i o n o f 
t h e f e e d . I t seems r e a s o n a b l e t h a t a baby shou ld suck f o r l e ss o f t he t i m e 
w h i l s t a p p r o a c h i n g s a t i a t i o n (as has been demons t ra ted by W o l f f (1973) w i t h 
b o t t l e f ed i n f a n t s ) , and t h i s i s c o n s i s t e n t w i t h t h e i n c r e a s e in pe rcen tage 
p a u s i n g t i m e o b s e r v e d on t h e second s i d e . Perhaps t h e baby takes a l i t t l e 
m i l k and t hen s t o p s w i t h o u t y e t b e i n g ready t o come o f f t he b r e a s t . The r o l e 
o f s a t i a t i o n i s a l s o s u p p o r t e d by W o l f f ' s f i n d i n g t h a t pauses i n c r e a s e i n 
l e n g t h and f r e q u e n c y d u r i n g t h e c o u r s e o f a b o t t l e f e e d , d e s p i t e a presumably 
c o n s t a n t r a t e o f f l o w and unchang ing m i l k c o m p o s i t i o n . 
The f a c t o r s a s s o c i a t e d w i t h t h e m i l k wh ich m igh t e x p l a i n t h e d i f f e r e n t 
s u c k i n g p a t t e r n s on t h e two b r e a s t s a r e i t s a v a i l a b i l i t y and i t s c o m p o s i t i o n . 
M i l k i n t a k e i s t h e r e s u l t a n t o f i t s a v a i l a b i l i t y and o f t h e b a b y ' s hunger 
and v i g o u r i n s u c k i n g . A v a i l a b i l i t y i n f l u e n c e s i t s r a t e o f f l o w ; ev idence 
t h a t t h i s can e x e r t an i n f l u e n c e on s u c k i n g p a t t e r n s a t low r a t e s o f f l o w 
d u r i n g b o t t l e f e e d i n g was d i s c u s s e d i n Chapter 2 . M i l k a v a i l a b i l i t y m igh t 
w e l l be l owe r on t h e second b r e a s t s i n c e t h i s i s u s u a l l y t he one t h a t was 
g i v e n f i r s t , and t h e r e f o r e t h e more t h o r o u g h l y d r a i n e d , i n t h e p r e v i o u s f e e d . 
3 . 7 . F u r t h e r a n a l y s i s . W i t h i n - b u r s t s u c k i n g r a t e s and t h e mi 1k e j e c t ion 
r e f 1 e x . 
M i l k e j e c t i o n u s u a l l y o c c u r s w i t h i n one m inu te o f t h e baby g o i n g o n t o t h e 
b r e a s t , u n l e s s i t has a l r e a d y o c c u r r e d as a r e s u l t o f s t i m u l i a s s o c i a t e d w i t h 
p r e p a r i n g t o f e e d . L a t e n c i e s o f between 10 and 30 seconds a re quo ted by 
I s b i s t e r (1954) and a r e s a i d t o be c o n s t a n t f o r an i n d i v i d u a l a t a p a r t i c u l a r 
s t a g e , and t o l e n g t h e n as t h e l a c t a t i o n p r o g r e s s e s . C a l d e y r o - B a r c i a (1969) 
n o t e s t h a t t h e f i r s t c o n t r a c t i o n s o f t he mammary g lands a re u s u a l l y seen w i t h i n 
60 seconds o f t h e o n s e t o f s u c k i n g ; and S a l a , L u t h e r , A r b a l l o and Cordero 
Funes ( 1 9 7 4 ) , i n t h e i r s t u d y o f in t ra-mammary p r e s s u r e d u r i n g n u r s i n g , s t a t e 
t h a t s u c k i n g evoked r e f l e x m i l k - e j e c t i o n w i t h i n 45 -70 seconds . Thus t he 
baby may have a p e r i o d d u r i n g w h i c h he i s o b t a i n i n g l i t t l e o r no m i l k and 
d u r i n g t h i s t i m e h i s s u c k i n g m igh t be expec ted t o show t h e t y p i c a l n o - f l u i d 
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p a t t e r n . And a s h i f t i n t h e p a t t e r n o f s u c k i n g towards t h e n u t r i t i v e mode 
may o c c u r when t h e m i l k becomes p r e c e p i t a t e l y a v a i l a b l e as t h e c i r c u l a t i n g 
o x y t o c i n s t i m u l a t e s t h e m y o e p i t h e l i a l ne tworks t o c o n t r a c t and expe l t h e i r 
c o n t e n t s . I f s o , t h i s wou ld g i v e a g u i d e t o whe the r o r no t t h e MER has 
o c c u r r e d . I s b i s t e r (195^) c i t e s t h e o b s e r v a t i o n o f t h e b a b y ' s s u c k i n g movements 
as one method o f d e t e c t i n g m i l k e j e c t i o n . G i v i n g no d a t a , she d e s c r i b e s 
t h e baby as s u c k i n g o r n i b b l i n g t h e n i p p l e , o f t e n in a r e s t l e s s , hungry f a s h i o n , 
f o r p e r i o d s o f f r o m a few seconds t o one m inu te a f t e r t a k i n g t h e n i p p l e , then 
becoming s t i l l and s u c k i n g i n a r e g u l a r r hy thm ic mode f o r a few m i n u t e s , 
p resumab ly when t h e m i l k becomes a v a i l a b l e . 
In o r d e r t o see w h e t h e r any such changes can be d e t e c t e d o b j e c t i v e l y 
i n t h e b a b y ' s s u c k i n g r a t e , t h e I S I ' s were ana lysed f o r each s u c c e s s i v e 
30 -second p e r i o d t h e baby was on t h e b r e a s t . A 30-second p e r i o d was chosen 
as b e i n g l o n g enough t o g i v e a good e s t i m a t e o f s u c k i n g r a t e and s h o r t 
enough no t t o o b s c u r e any changes . 
In a l l cases i n w h i c h t h e baby s t a y e d on t h e b r e a s t f o r a t l e a s t one 
m i n u t e b e f o r e coming o f f (29 o u t o f t h e 4 1 ) , t h e mean I SI f o r t h e f i r s t and 
second 30 -second p e r i o d s were compared , see Tab le 3 . 3 . One s u b j e c t , AG, 
was no t r e p r e s e n t e d because she d i d n o t suck a t a l l d u r i n g t h e f i r s t 30 
seconds on t h e n i p p l e so i t was no t p o s s i b l e t o ge t a measure o f r a t e . 
For each s u b j e c t , t h e mean ISI i s l o n g e r f o r t he second than f o r t h e f i r s t 
30 s e c o n d s , i . e . t h e s u c k i n g r a t e dec reases d u r i n g t h e f i r s t m inu tes o f 
f e e d i n g . A c o r r e l a t e d t ~ t e s t was c a r r i e d out on t he d a t a . The h i g h l y 
s i g n i f i c a n t d e c r e a s e found i n w i t h i n - b u r s t suck ing r a t e d u r i n g t h e f i r s t 
m i n u t e o f b r e a s t f e e d i n g i s most p r o b a b l y a s s o c i a t e d w i t h t h e sudden 
o n s e t o f t h e f l o w o f m i l k as a r e s u l t o f m i l k e j e c t i o n , a l t h o u g h p r o o f 
wou ld r e q u i r e measurements o f int ramammary p r e s s u r e . I t t h e r e f o r e appears 
t h a t t h e r a t e o f s u c k i n g changes in t h e p r e d i c t e d way. 
Assuming t h a t t hey a r e a s s o c i a t e d w i t h m i l k e j e c t i o n , t h e d i f f e r e n c e s 
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TABLE 3 .3 
S u b j e c t No. o f feeds W i t h i n - b u r s t 30-second I S ! , mean o f a l l 
p o o l e d f eeds pe r s u b j e c t . 
1s t 30-seconds 2nd 30~seconds 
AF 2 0.72 0.88 
AL 1 0 .77 0 .98 
ER 5 0 .85 0.92 
SR 4 0 .69 . 0 .82 
JS 9 0 .59 0 .68 
JY 6 0 .76 0 .95 
JZ 2 0 .67 0.76 
d f = 6 , t = 6 . 6 1 1 , p < 0 . 0 0 1 , 2 - t a i 1 e d . 
i n mean I Si a r e a l m o s t c e r t a i n l y u n d e r e s t i m a t e s o f t h e change i n s u c k i n g 
r a t e s due t o m i l k e j e c t i o n s i n c e t h e r e a r e two f a c t o r s w h i c h wou ld e f f e c t i v e l y 
d e c r e a s e t h e d i f f e r e n c e s : ' 
( i ) In some cases t h e m i l k may have been l e t down b e f o r e t h e baby went 
on t o t h e b r e a s t , so t h e r e wou ld be no d i f f e r e n c e between t h e two 30-second 
p e r i o d s . 
( i i ) In o t h e r cases t h e m i l k may have come in ve ry soon o r v e r y near t h e 
end o f t h e f i r s t 60 seconds o f t h e f e e d , g i v i n g s i m i l a r s u c k i n g r a t e s f o r 
b o t h p e r i o d s . 
I f t h e p r e c i s e t i m e a t w h i c h t h e l e t - d o w n o c c u r r e d was known, f o r example 
t h r o u g h m o n i t o r i n g t h e changes i n in t ra -mammary p r e s s u r e ( F r i e d m a n , 1960; 
L u t h e r , A r b a l l o , Sala and Corde ro Funes, 1 9 7 4 ) , one wou ld expec t t o see 
an even g r e a t e r d i f f e r e n c e i n t h e mean I S I ' s b e f o r e and a f t e r t h i s p o i n t . 
The mo the rs i n t h i s e x p e r i m e n t were reques ted t o r e p o r t any m i l k e j e c t i o n s 
t h e y f e l t , as t hey f e l t t hem, i n o r d e r t o r e l a t e t hese t imes t o t h e s u c k i n g 
o f t h e baby . The c r i t e r i o n used was t h a t o f a t i n g l i n g , sometimes p a i n f u l , 
s e n s a t i o n i n e i t h e r b r e a s t . S u b j e c t i v e methods o f d e t e c t i n g m i l k e j e c t i o n 
have been used b y , f o r e x a m p l e , i s b i s t e r ( 1 9 5 4 ) , and shown t o be cor re1a t ;ed 
w i t h an i n c r e a s e i n in t ra -mammary p r e s s u r e ( L u t h e r , 1974 ) . However, a ; 
c l e a r e x p e r i e n c e as d e s c r i b e d above was v e r y much t h e e x c e p t i o n among t h i s 
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g roup o f women, and when t hey were r e p o r t e d , t he t i m i n g was u n c e r t a i n due 
t o d e l a y o r t o t h e d i f f u s e n a t u r e o f t he s e n s a t i o n . T h i s may be due t o t he 
p reponde rance i n t h i s sample o f p r i m i p a r a , who o f t e n do no t f e e l such t i n g l i n g 
s e n s a t i o n s u n t i l t h e y have been b r e a s t f e e d i n g f o r many weeks ( I s b i s t e r , 195^) 
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CHAPTER k 
A MORE ACCURATE MEASUREMENT OF INTER-SUCK INTERVALS 
4 , 1 . I n t r o d u c t i o n 
V i d e o r e c o r d i n g was used i n t h e p r e v i o u s c h a p t e r t o measure t he r a t e 
o f I n f a n t s u c k i n g o v e r a p e r i o d o f t ime comparab le t o t he l e n g t h o f a s u c k i n g 
b u r s t . In o r d e r t o ge t a more a c c u r a t e and p r e c i s e r e c o r d o f i n t e r - s u c k 
i n t e r v a l s t h r o u g h o u t t h e range s e e n , and t o d e t e r m i n e whe the r indeed t h e r e 
i s a s m o o t h , c o n t i n u o u s d i s t r i b u t i o n between t h e s h o r t and t he l o n g e r I S I ' s 
( a p p r o x i m a t e l y 0 .5 " 1,0 s e c o n d s ) , t he baby 's s u c k i n g r a t e was reco rded on 
f i l m . On f i l m , t h e i n t e r v a l between two events can be measured e x a c t l y by 
c o u n t i n g t h e number o f f rames between them. T h i s can be c o n v e r t e d i n t o t he 
a c t u a l t i m e e l a p s e d . The t e c h n i q u e i s l i m i t e d o n l y by t h e c e r t a i n t y w i t h 
w h i c h t h e e v e n t s in q u e s t i o n can be i d e n t i f i e d and by t h e accu racy w i t h wh i ch 
t h e r u n n i n g speed o f t h e camera i s known. 
To be c e r t a i n o f i n c l u d i n g I S I ' s o f both t he n u t r i t i v e and t he non -
n u t r i t i v e r a t e s (see Chap te r 3 ) , f i l m i n g was c a r r i e d ou t m a i n l y d u r i n g t he 
f i r s t m i n u t e s o f a f e e d . D u r i n g t h i s t i m e a w i d e range o f I S I ' s I s g e n e r a l l y 
s e e n , as d e m o n s t r a t e d by t he s u b s t a n t i a l 1 y s l o w e r s u c k i n g r a t e o f t he second 
h a l f - m i n u t e as compared w i t h t h e f i r s t h a l f - m i n u t e o f a b r e a s t f e e d , shown i n 
Chap te r 3 , 
k.2. Method and a n a l y s i s 
Mo the rs were r e c r u i t e d as b e f o r e and b rough t t o the n u r s e r y w i t h t h e i r 
b a b i e s j u s t b e f o r e t h e expec ted t i m e o f a f e e d . D e t a i l s o f the s u b j e c t s 
a r e g i v e n i n T a b l e 4 , 1 , 
The baby was pu t t o t h e b r e a s t when he showed s i g n s o f hunger , and the 
mo the r was asked t o p roceed j u s t as she would a t home. F i l m i n g was i n b l a c k 
and w h i t e a t 24 f r a m e s / s e c o n d and began i n most cases as soon as t he baby 
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TABLE 4 . 1 
P a r i t y o f Age o f baby i n No. o f 
S u b j e c t s mother days a t each sess i ons 
sess i on 
Ms C. and Ann 1 59 1 
Ms C. and Rachel 1 42 1 
Ms J . and C a t h e r i n e 1 85 2 
Ms L. and C h r i s t o p h e r 2 42 1 
Ms S. and M i chae l 2 74 1 
Ms T. and Hea the r 2 50 1 
Ms T . and K a t h e r i n e 1 76 . 1 
U n f o r t u n a t e l y t h e i d e n t i f y i n g s e c t i o n o f t h r e e f i l m s was l o s t i n deve lopment . 
The two o t h e r s u b j e c t s who were f i l m e d a r e : 
Ms W. and Emma 1 25 1 
Ms R. and Paul 1 under 3 months 1 
but e x a c t age 
no t known 
The t h i r d u n i d e n t i f i a b l e s e s s i o n i s accounted f o r by a n o t h e r s e s s i o n f rom one 
o f t h e o t h e r s u b j e c t s . 
went on t o t h e f i r s t b r e a s t . Two cameras were used on d i f f e r e n t o c c a s i o n s ; b o t h 
were Canon Scoop ic 16 mm m o d e l s . D u r i n g a l l bu t two s e s s i o n s , one r e e l o n l y 
was used g i v i n g t h r e e m i n u t e s o f r eco rded s u c k i n g f rom each f e e d . In o r d e r t o 
conse rve f i 1 m , f i I m i n g was s topped whenever t he baby came o f f t h e b r e a s t and 
c o n t i n u e d once he was back o n . E leven sess i ons were f i l m e d ( n i n e i n f a n t s ) . 
To check on t h e r u n n i n g speed o f t h e two cameras and hence t h e accuracy 
o f t h e t i m i n g o f t h e d a t a , each camera was used t o f i l m t he f a c e o f a d i g i t a l 
q u a r t z c r y s t a l c l o c k f o r 30 seconds . The c l o c k was an 0MB e l e c t r o n i c c o u n t e r 
t i m e r , model 7 4 5 , a c c u r a t e t o 1 i n 1 0 ^ . From t h e f i l m , t h e number o f f rames 
spann ing 2 0 . 0 0 seconds was coun ted by hand . T h i s f i g u r e was d i v i d e d by 20 
t o g i v e t h e r u n n i n g speed o f t he camera i n f rames per second . 
One camera ran a t e x a c t l y 24 .00 f rames per second ; t he o t h e r a t 24 .15 
f rames per s e c o n d . T h i s d e v i a t i o n , amount ing t o a c o n s t a n t e r r o r o f 0.62%, 
Is n e g l i g i b l e f o r t h e purposes o f t h i s expe r imen t , , and bo th cameras were t aken 
as r u n n i n g a t 24 f rames per s e c o n d , ( i t Is f o r , t h i s reason t h a t t ime Is g i v e n 
i n u n i t s based on 1/6 s e c ) . 
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Each f i l m was analysed frame~by-frame,using a Motion Analys is p r o j e c t o r , 
Specto model MKl11 . As the f i l m was run through the p r o j e c t o r , each frame 
moved the counter along by one p o s i t i o n ; t h i s was reversed when the f i l m was 
rewound making I t poss ib le to keep a continuous record of one's pos i t i on along 
the f i l m . Two people were requ i red f o r the ana l ys i s , qne to operate the 
p r o j e c t o r and to note the counter reading as the o ther person ind ica ted the 
sucks. An equ iva len t po in t in each sucking cycle was I d e n t i f i e d as accurate ly 
as p o s s i b l e ; t h i s was the top po in t o f the movement o f the lower jaw, when i t 
had j u s t begun to t r a v e l down aga in . 
The r e s u l t i n g data were summarised in the form o f the number of IS I ' s 
o f each frame length per sess ion , and the data were then pdoled. The t o t a l 
number of I S i ' s recorded was 1 , 5 5 6 . 
l^esults and d iscuss ion 
A h is togram shows the d i s t r i b u t i o n o f IS I ' s (Figure ^ . l A ) . The I S I ' s : 
are pooled In b ins o f 1 /6 second. 
I f the baby's sucking were d i v ided i n t o the two r a t e s , n u t r i t i v e and 
n o n - n u t r i t i v e , the d i s t r i b u t i o n o f I S I ' s below one second in length in f i g u r e 
^ . 1 A would be b imodal . This is c l e a r l y not the case. The experiment there fo re 
upholds the conc lus ion o f Chapter 3 (based on video record ings) tha t sucking • ^ 
on the breast i s not d i v i ded I n to n u t r i t i v e and n o n - n u t r i t i v e modes. Fur ther -
more, the d i s t r i b u t i o n o f I S I ' s Is graded on e i t he r s ide o f the mode, I l l u s t r a t i n g 
the c o n t i n u i t y o f the d i s t r i b u t i o n o f the I S I ' s . In Figure ^ . l A , the modal 
ISI is 0 . 6 6 " 0 . 8 3 seconds in l e n g t h . 
Most o f the records were obta ined dur ing the f i r s t few minutes o f a feed, 
beginn ing as soon as the baby went on to the breast . For comparison, t h e r e f o r e , 
the corresponding pooled data obta ined from the video recordings of a l l 
episodes lA in Chapter 3 are presented in Figuris k,]B in the same form, a 
h is togram in b ins of 1 /6 second. The lA episodes cover approximately the same 
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B - Video 
LENGTH OF IS! (seconds) 
Figure ^.1 D i s t r i b u t i o n of i n te r - suck i n te rva Is 
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stage o f the feed as was f i l m e d . 
The two histograms are very s i m i l a r and the modal iSI in Figure 4 . I B 
is again 0 . 6 6 - 0 . 8 3 seconds, which Is the same as tha t of the f i l m data o f 
Figure 4 . 1 A . This v a l i d a t e s v ideo record ing as an accurate technique f o r the ng 
measurement o f I S I ' s s ince the modal sucking ra te is the same when measured n length 
more r e l i a b l y , hence no systemat ic e r r o r occurs w i t h v ideo . There is no suggest ion 
o f a bimodal sucking ra te w i t h e i t h e r techn ique. at the 














Subjects Parity of Age o f baby in days 
~ ~ ~ ~ ^Q^*^^*" a t each sess ion 
Ms B. and Emma 2 kk, 49 
lis C. and A l i c e 1 35^ 50, 56, 63 
Ms C. and Michael 1 72 
Ms D. and Hannah 2 33 
Ms F. and Anne-Marie ] 39 
Ms F. and Lorna 55 
Ms K. and Barbara 1 34 
hea l th o f both mother and baby. 
5 . 3 . Procedure 
Mother and baby were fetched so as t o a r r i v e at the nursery approximately 
15 minutes before the est imated time o f the baby's next feed , g i v i n g an 
oppo r t un i t y t o s e t t l e in and t o discuss the procedure fo r the feed . 
Just before being put t o the b reas t , the baby was weighed on a Me t t l e r 
E20 top loading ba lance, mod i f ied fo r the purpose by having a c h i l d ' s car 
sa fe t y seat w i t h i t s s t raps removed f i xed to i t a t a s u i t a b l e angle (see 
Figure 5 . 1 ) . The ba lance, which is designed to w i ths tand tough working cond l t l bns 
and Is not harmed by the movements o f a res t less baby, weighs up to 20kg and the 
t a r e extends t o 5 k g so t h a t the sca le can be adjusted to zero w i t h the seat 
In p l a c e . Weighing was done t o the nearest lOg, or to 5 g i f the baby remained 
e x c e p t i o n a l l y s t i l l , which is s u f f i c i e n t l y accurate fo r the purpose o f 
mon i to r i ng m i l k in take du r ing a f eed . The c h i l d remained In the same c lothes 
throughout the feed so t ha t any increases in weight could be a t t r i b u t e d 
e n t i r e l y to m i l k Inges ted . Losses due to the evaporat ion o f sweat and the 
loss o f water vapour from the lungs dur ing the feed are i n s i g n i f i c a n t 
r e l a t i v e t o the gains i n v o l v e d . 
When the baby began to show signs o f hunger the video equipment (descr ibed 
in Chapter 3 ) was switched on , the camera focused on the c h i l d ' s face , 
and breast feeding began. The choice o f which breast to put the c h i l d to f i r s t 
was l e f t t o the mother. 
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Figure 5 - 1 . Me t t l e r E20 balance modi f ied f o r weighing babies 
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A stop'c lock was switched on when the baby f i r s t took the nipple ful ly 
into his irxJUth, as opposed to simply mouthing or l ick ing i t . Sucking usually 
followed Immediately. After three minutes, whatever the proportion of that 
time actua l ly spent on the nipple (provided that the Infant was held throughout 
r,in a posi t ion which allowed feeding), the baby was l i f t e d from his mother's 
arms and weighed. I f he was sucking at the time, the mother would often wait 
unti l the end of a sucking burst and then gently ext r icate her nipple from 
h is mouth. Removal of the baby occasional ly e l i c i t e d some protest , especia l ly 
in the ear ly part of the feed, although the infants were generally tolerant 
of being taken of f the breast . After weighing, the baby was returned to his 
mother to resume the feed, and a baby who had cr ied on being taken from the 
breast would always s e t t l e down again very quickly . 
The same procedure was followed throughout the feed, which was thus 
divided Into 3-nilnute periods timed In each case from the acceptance of 
the n ipp le . 
The point at which the baby was transferred to the other breast was 
l e f t to the mother's judgement. Weighing was done at this point too, but 
because of the f l e x i b i l i t y of feeding i t o f ten happened that the mother 
arranged the changeover to coincide with the end of a 3"nilnute episode. In 
many c a s e s , the baby had his nappies changed between s i d e s , which necessitated 
re-weighIng before going back on the breast . The duration of the feed was 
l e f t to the mother and the baby. The 3"niinute episodes are referred to as 
1A, IB e t c . ( f o r the f i r s t s ide) and 2A, 2B e t c . (for the second s i d e ) . 
5.A. Transfer of data onto computer 
The video recording of each session was f i r s t played In order to obtain 
a complete record of when the baby was on the breast , i . e . , of both the duration 
and the exact timing of the 3-niinute periods and the intervals between them, 
and of the amount of time actual ly spent on the breast within these periods. 
While watching each session a second time, the sucks were keyed In to 
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the computer as descr ibed in Chapter 3 , g i v ing a record o f the IS I ' s In 
cent iseconds; the times a t which the baby went on and came o f f the breast 
w i t h i n each 3-mInute per iod were a lso inser ted by the use o f a second key. 
A complete computer record o f a feed consisted o f the above data f o r each 
3-mInute episode, together w i t h the f o l l ow ing I n fo rma t i on : 
Name and age of baby 
Date o f session 
Le f t or r i g h t breast 
1 s t or 2nd s ide 
Ser ia l order o f episode on each breast - A, B, C, e t c . 
I n t e r va l from preceding episode 
Mi lk Intake dur ing the 3 minutes 
The I S I ' s were s to red in 10-cent isecond b i n s . The c u t - o f f po in t of 
1 .3 seconds, es tab l i shed in Chapter 3> was used to d i f f e r e n t i a t e between the 
I S I ' s o f burs ts and those o f pauses; only IS I ' s below t h i s value were included 
in the subsequent c a l c u l a t i o n of sucking ra tes . 
5 . 5 . Res u1ts 
5 . 5 . 1 . Sucking pattferns 
The data were analysed by comparing the sucking pa t te rn analysed as 
s p e c i f i e d in sec t i on 5 . 4 , dur ing the f i r s t , second and t h i r d 3-mInute 
per iods of sucking on the f i r s t b r e a s t , i . e . episodes lA, IB , 1C ( there were 
not enough episodes f rom s ide 2 to a l low a s i m i l a r analys is through t h i s 
s i d e ) ; and from episode lA to episode 2A, using one averaged value per 
sub jec t In each case. lA and 2A are episodes f a i r l y fa r apart in the 
feed which a l low a comparison o f sucking pat terns w i t h s i m i l a r m i l k f low 
rates but presumably d i f f e r i n g extents o f s a t i e t y In the baby. This comparison 
is c a r r i e d out in order to examine any e f f e c t o f hunger on sucking pa t t e rns . 
The measures examined were: 
Mean I S I ; 
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Mean pause leng th ; 
Mean burs t l eng th ; 
; Mean number o f sucks /bu rs t ; 
Mean % paus i ng t ime 
(as def ined in sec t i on 3 - 5 ) . 
In two sub jec ts out of the seven, the feed on s ide 1 d id not Include 
an episode 1C and so they were excluded from the f i r s t par t o f each 
a n a l y s i s , i . e . comparison o f lA , IB and IC. Analysis o f var iance was 
c a r r i e d out on these measures as they var ied from lA to IC and a t - t e s t 
f o r c o r r e l a t e d samples was used to compare episodes lA and 2A. The data are 
g iven in Figures 5.2 - 5 . 1 1 . 
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•FIGURES 5 . 2 - 5 . 6 
COMPARISON OF THE THREE CONSECUTIVE 




12 , d f - 2 , 8 , p = < 0 - 0 0 5 
i - igure 5 .2 . Mean ISi -;- S,?., 's 
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0 
2,8, F-6-31 p < 0 - 0 5 





ANOVAR, d f= 2,8, F = 1-00. N,S, 
Figure 5.^4. Mean burs t length -i- S.Z. ' r , 
The d i f f e r e n c e s were s ; t l l l not nI . ,ni f icar:t a f t e r lo a r l t i i - j c or 
square root t rans fo rmat ion of the data ( to deal w i t h the uneaual 
var iance) . 
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.S, 
N.S. a lso a f t e r l oga r i t hm ic or square root t rans fo rmat i on 





Anovar, d f ~ 2 - 8 , F = 6-30, p < 0 - 0 5 
Figure 5-6. Mean % paus I ng t ime -i- S. E. ' s 
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FIGURES 5-7 - 5.11 
COMPARISON OF BREAST 1 and BREAST 2 
FIRST 3 MINUTES ON EACH (lA and 2A) 
76 
= 6 , 1-9625, N.S. 
Figure 5 .7 . Mean 
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t= -0-7131, = 6. 




t = - - 6 , N.S. 
F i g u r e 5 - ? . Mean b u r s t l e n g t h t S . E . ' i 
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t= -0 -529 , df=6, N.S. 
F i - j u r e 5 . ! 0 . Mean no . s u c k s / b u r s t + S . E . ' s 
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u 50 




t =-1-7751, df = 6, N.S. 
F i g u r e 5 . i ] . 
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We can now s u m r a r i s e t h e r e s u l t s , as f o l l o w s : 
(1) Mean ISI dec reases f rom the b e g i n n i n g to the end o f t he f i r s t h a l f - f e e d . 
Over t h e same p e r i o d , mean pause l e n g t h and % paus ing t i m e i n c r e a s e . 
(2) T h e r e i s no s i g n i f i c a n t d i f f e r e n c e between s u c k i n g f o r t h e f i r s t t h r e e 
m inu tes on b r e a s t 1 and on b r e a s t 2 ( i . e . , between ep i sodes lA and 2 A ) , on 
any measu re . 
!n o r d e r t o a l l o w compar i son w i t h o t h e r e x p e r i m e n t s , t h e d a t a o f the 
f i r s t h a l f - f e e d were a l s o a n a l y s e d u s i n g t h e c r i t e r i a used b y , f o r examp le , 
L i p s i t t (1976) and Kaye ( 1 9 7 7 ) , see T a b l e 5 .3 - !n t h i s a n a l y s i s , a b u r s t 
i s r e c o r d e d when two o r more I S i ' s o f 2 . 0 seconds o r less o c c u r t o g e t h e r , i . e , 
when t h r e e o r mare sucks a r e s e p a r a t e d by 2 .0 seconds o r l e s s . 
A l t h o u g h t h e changes t h r o u g h s i d e 1 a r e l ess pronounced w i t h these 
c r i t e r i a , t h e changes a re s i m i l a r i n t h a t mean iS I dec reases and p e r c e n t a g e 
p a u s i n g t i m e i n c r e a s e s w h i l s t mean b u r s t l e n g t h and t he mean number o f sucks 
pe r b u r s t do n o t s i g n i f i c a n t l y change . Mean pause l e n g t h does n o t i n c r e a s e 
u s i n g t h e s e c r i t e r i a , whereas i t does so w i t h t h o s e used b e f o r e . C l e a r l y 
t h e main d i f f e r e n c e s , i n ISI and ^ p a u s i n g t i m e , a re robus t and s u r v i v e a 
c e r t a i n e lemen t o f a n a l y t i c a r b i t r a r i n e s s . 
TABLE 5 .3 
SUCKING PATTERNS DURING THE FIRST HALF-FEED /ANALYSED WITH 
COMMONLY -USED CRITERIA WHERE A BURST = 2 OR MORE I S I ' s OF 
2 . 0 SEC. + 
Analys is o f v a r i a n c e 
d f 2 , 8 -
lA IB IC P p 
Mean IS I 
Mean 
0 .86 0.81 0 .78 9.18 p.01 
pause l e n g t h 
Mean 
3 .35 3 .16 2 .52 N.S. 
b u r s t l e n g t h 
Mean n o . 
'47.09 66 .72 13.i(9 0.82 N.S. 
i n t s / b u r s t 
Mean Z 
55 .0 8 7 . 5 18.53 0.83 N.S. 
p a u s i n g t i m e 9 .17 12,26 29 .65 7.75 0.02 
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5 . 5 - 2 . M i l k i n t a k e d u r i n g b r e a s t f e e d i n g 
In t h i s e x p e r i m e n t m i l k i n t a k e t h r o u g h a b r e a s t feed was m o n i t o r e d by 
w e i g h i n g t h e baby a t i n t e r v a l s . T h i s was done i n o r d e r t o examine t h e r e l a t i o n -
Sh ip between t h e amount o f m i l k t a k e n i n w i t h each suck and t h e s u c k i n g p a t t e r n ; 
bu t t h e d a t a o b t a i n e d on m i l k i n t a k e a re themse lves i n t e r e s t i n g s i n c e they 
p r o v i d e i n f o r m a t i o n on how much m i l k i s t aken by t h e baby a t v a r i o u s s tages 
o f t h e feed on bo th b r e a s t s . Such d a t a may be c l i n i c a l l y u s e f u l i n t he manage-
ment o f l a c t a t i o n , f o r i n s t a n c e , i n d e c i d i n g how long t h e baby s h o u l d be f e d . 
O t h e r s t u d i e s a r e based upon t h e amount o f m i l k o b t a i n e d by e x t r a c t i o n 
w i t h a b r e a s t - p u m p f r o m one b r e a s t as t he baby feeds f rom the o t h e r ( H y t t e n , 
ISS' t ; H a l l , 1 9 7 5 ) ; on c r o s s - s e c t i o n a l t e s t - w e i g h i n g d a t a , f o r example Lucas , 
Lucas and Baum ( 1 9 7 9 ) ; o r e l s e t he method i s no t g i v e n , f o r example Smi th and 
M e r r i t t (1922) . 
I n t a k e i s d e t e r m i n e d by t h e m i l k a v a i l a b l e and t he b a b y ' s r ead iness t o 
i n g e s t i t , so p r o c e d u r e s w h i c h e x t r a c t a l l the m i l k i n the g l a n d do no t 
n e c e s s a r i l y r e f l e c t t h e volume o f m i l k t h e baby wou ld a c t u a l l y i n g e s t a t 
any one f e e d . 
F i g u r e s 5 -12 and 5 -13 show, r e s p e c t i v e l y , the mean amount o f m i l k i n g e s t e d 
d u r i n g each 3 - m i n u t e i n t e r v a l and t h e mean i n t a k e o f m i l k per m i n u t e o f t ime 
a c t u a l l y s p e n t on t h e b r e a s t , as t h e f eed p r o g r e s s e d . F i g u r e 5 - 1 ^ shows t h e 
p a t t e r n o f m i l k i n t a k e d u r i n g t h e feed (a mean v a l u e o f t he pe rcen tage o f 
t h e f e e d t a k e n i n each e p i s o d e was c a l c u l a t e d f o r each baby , and t h e mean 
o f t h e s e c a l c u l a t e d ) . F i g u r e s 5 .15 and 5 .16 show how the m i l k i n t a k e i s 
d i s t r i b u t e d between t h e two h a l f - f e e d s , i n terms o f grams per h a l f - f e e d and 
grams pe r m i n u t e on t h e b r e a s t , r e s p e c t i v e l y . 
A l l t he mothers r o u n t i n e l y a l t e r n a t e d wh ich b r e a s t they gave t o t h e i r 
b a b i e s f i r s t so t h a t t h e f i r s t b r e a s t g i v e n a t a p a r t i c u l a r feed i s t h a t w h i c h 
was g i v e n l a s t i n t he p r e v i o u s f e e d . T h i s a l t e r n a t i o n p r e v e n t s the uncom-
f o r t a b l e b u i l d - u p o f m i l k i n one b r e a s t w h i c h c o u l d l ead t o engorgement 
IB IC 
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F i g u r e 5 . 1 2 . Mean m i l k i n t a k e per 3 - n i n u t e e p i s o d e -}• 
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F i g u r e 5 . 1 ^ . P a t t e r n o f m i l k i n t a k e t h r o u g h o u t t h e f eed 
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SUBJECT 
EB 143 55 
AC 80 46 
M C 130 75 
HD 80 30 
AF no 80 
LF 100 70 
BK 90 70 










F i g u r e 5 - 1 6 . Rate o f m i l k i n t a k e + S . E . ' s s i d e 1 / s i d e 7. 
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and i n f e c t i o n , and a l s o s t o p s one b r e a s t e v e n t u a l l y becoming l a r g e r than t h e 
o t h e r . 
Mean m i l k i n t a k e on b r e a s t 1 i s 72^ g r e a t e r than t h a t on b r e a s t 2 , 
amoun t i ng t o 63°^  o f t h e t o t a l i n t a k e . The r a t e o f m i l k i n t a k e i s c o r r e s p o n d -
i n g l y g r e a t e r . I n t a k e per 3~minute e p i s o d e d e c l i n e s t h r o u g h s i d e 1 and 
t h r o u g h s i d e 2 ; i n t a k e i n t h e f i r s t e p i s o d e o f s i d e 2 i s h i g h e r than t h a t o f 
t h e l a s t on s i d e 1 . Us ing i n t a k e per m inu te on the b r e a s t as a measure , t hese 
t r e n d s a r e e q u a l l y p ronounced ~ i n t a k e d e c l i n e s s t e e p l y t h r o u g h s i d e 1 , r i s e s 
a g a i n as t h e baby goes o n t o t h e second s i d e , bu t o n l y t o j u s t ove r 60% o f 
t h e v a l u e a t t a i n e d i n e p i s o d e l A , and then f a l l s o f f g r a d u a l l y . 
In e p i s o d e lA ( t h r e e m i n u t e s ) , t h e baby o b t a i n s a p p r o x i m a t e l y 51% o f h i s i n -
t a k e on t h e f i r s t s i d e , and a p p r o x i m a t e l y SQZ i n ep i sodes lA and IB t o g e t h e r , 
w h i c h make up t h e f i r s t s i x m i n u t e s o f t h e f e e d . T h i s accords w i t h Smi th and 
M e r r i t t ' s f i g u r e o f kQ~6Q% o f t h e m i l k be ing taken d u r i n g t he f i r s t f o u r m i n u t e s 
o f t h e f eed when t h e baby i s f e d on one b r e a s t o n l y d u r i n g a feed (Smi th and 
M e r r i t t , 1 9 2 2 ) . L u c a s , Lucas and Baum (1979) found t h a t 6-day o l d i n f a n t s had 
consumed ovei^ k5% of t he m i l k i n t a k e on t h e f i r s t b r e a s t i n two m inu tes and S0% 
a f t e r f o u r m i n u t e s on t h a t b r e a s t . 
I t may appear f r o m t h i s t h a t v e r y s h o r t feeds on each s i d e a re a d e q u a t e ; 
however , as H a l l (1975) has p o i n t e d o u t , much o f t h e f a t and hence t he energy 
(and a l s o t he f a t - s o l u b l e v i t a m i n s ) i s i n the h i n d m i l k . H a l l quo tes a baby 
as o b t a i n i n g o n l y 13% o f t h e t o t a l m i l k volume between t he 11th and l 6 t h 
m i n u t e s o f a f eed on one s i d e , bu t t h i s m i l k s u p p l l e d n e a r l y a q u a r t e r o f the 
t o t a l l i p i d and one s i x t h o f t h e t o t a l p r o t e i n and e n e r g y . 
5 - 5 . 3 - Mi I k i n t a k e per suck 
The m i l k i n t a k e per 3~minute f e e d i n g ep i sode was d i v i d e d by t he number 
o f sucks i n t h a t e p i s o d e t o g i v e v a l u e s f o r the i n t a k e i n grams per suck . 
These a r e o f cou rse mean v a l u e s and t h e r e may be c o n s i d e r a b l e v a r i a t i o n w i t h i n 
an e p i s o d e . However, 3 m i n u t e s i s a s h o r t enough p e r i o d ove r w h i c h t o p i c k 
up d i f f e r e n c e s t h r o u g h t he cou rse o f a f e e d . The v a l u e s o f mean m i l k 
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i n t a k e / s u c k f o r each e p i s o d e a re g i v e n i n Tab le 5 . ^ and t he o v e r a l l va lue per 
e p i s o d e i n F i g u r e 5 . 1 7 . I n d i v i d u a l v a l u e s range f rom z e r o t o 0 . 4 8 g ; most f a l l 
between 0 .1 and 0 . 3 g - The m a j o r i t y o f t he h i g h e s t va lues o c c u r r e d d u r i n g 
t h e f i r s t e p i s o d e on t h e f i r s t s i d e . I n t a k e / s u c k d e c l i n e s t h r o u g h the f i r s t 
and t h r o u g h t he second h a l f - f e e d s . I t i s lower on b r e a s t 2 than on b r e a s t 1 
( t = 2 , 6 3 , d f = 6 , p < 0 . 0 5 ) . Mean i n take / suck - i n 2A i s n o t s i gn i f i c a n t l y 
l ower t h a n i n l A . 
TABLE 5 - ^ 
MILK INTAKE/SUCK 
lA IB IC 2A 2B 2C 
EB 0 .39 0 .21 0 .21 0 . 1 3 0 .22 
0 .A8 0 .25 0 . 0 7 0 .12 
AC 0 . 2 3 0 .09 0 .10 0 .15 
0 .31 0 .23 0 .09 0 .21 
0 . 3 8 0 .30 0 .11 0 .14 
0 . 1 6 0 .19 0 .06 0 .31 
MC 0 .41 0 . 2 7 0 .19 0 .22 0.10 0 .17 
HD 0 .31 0 . 1 4 0 . 1 7 
AF O . U 0 .1 8 0 .05 0 .23 0 .09 
LF 0 .25 0 .1 1 0 .06 0 . 1 3 0 .13 0 .00 
BK 0 . 1 7 0 .31 0 .20 0 .23 0 .12 
5 . 5 . 4 . C o r r e l a t i o n between s u c k i n g measures and m i l k i n t a k e per suck 
The f i v e s u c k i n g measures used (mean I S I , mean pause l e n g t h , mean b u r s t 
l e n g t h , mean n o . s u c k s / b u r s t and mean % paus ing t i m e ) were c o r r e l a t e d w i t h t h e 
c o r r e s p o n d i n g v a l u e s o f m i l k i n t a k e / s u c k us ing t he Spearman r a n k - o r d e r c o r -
r e l a t i o n t e s t . F i g u r e s 5 . 1 8 ~ 5-22 show each measure p l o t t e d a g a i n s t i n t a k e / 
s u c k , w i t h t h e c o r r e l a t i o n c o e f f i c i e n t s . 
Mean ISI i s p o s i t i v e l y c o r r e l a t e d w i t h i n t a k e / s u c k , and mean pause l e n g t h 
and mean % p a u s i n g t i m e a r e n e g a t i v e l y c o r r e l a t e d w i t h t h i s measu re . 
S ince t h e c o r r e l a t i o n between mean IS I and f l o w r a t e was much t he 
0-3 
A N O V A R 
lA , IB, I C , the 5 mothers v^'ho h a d 3 e p i s o d e s 
d f - - 2 , 8 F=17-9 p < 0 - 0 0 2 
t - t e s t , 1 A / 2 A , d f = 6 , t = 2 - 0 3 6 , N .S . 
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10, 
p < 0-01 
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Corre la t ion coef f . ^O ' l l 
N .S . 
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9 © 2 © e 
0-1 0 2 0-3 0-4 0-5 
E/SUCK g 
0-6 0 7 0-8 0-9 






Correlation coef f .= 0-15 
N . S . 




coeff. = "0-3; 
p < 0 0 1 
0-2 0-3 0-4 0-5 
: ( g ) 
F i o u r e 5 . 2 2 . .Mean o a u s i n c t i me vc ; nta.ce/5uci< 
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s t r o n g e s t , t h e r e l a t i o n s h i p between t hese two measures was f u r t h e r ana l ysed 
f o r each baby i n d i v i d u a l l y . Va lues o f mean ISI a re p l o t t e d a g a i n s t t he 
c o r r e s p o n d i n g m i l k i n t a k e s / s u c k f o r each baby i n F i g u r e s 5 . 2 3 ~ 5 . 2 9 - The 
g r a d i e n t s (m v a l u e s ) and t he F v a l u e s a re g i v e n . The F va l ue and i t s l e v e l 
o f s i g n i f i c a n c e g i v e an i n d i c a t i o n o f how c l o s e l y t he p o i n t s a p p r o x i m a t e t o 
t h e r e g r e s s i o n l i n e o f mean IS ! on i n t a k e / s u c k . 
The g r a p h s f rom t h e i n d i v i d u a l i n f a n t s show even more c l e a r l y t h a n t h e 
p o o l e d g raph t h e r e l a t i o n s h i p between s u c k i n g r a t e s and m i l k i n t a k e / s u c k ; 
t h e p o o l e d d a t a l o s e some o f t h e i r I n d i v i d u a l c l a r i t y s i n c e t h e r e a re 
d i f f e r e n c e s i n t h e g r a d i e n t s o f the r e g r e s s i o n s (wh i ch a r e g i v e n w i t h each 
g r a p h ) . These d i f f e r e n c e s i n d i c a t e v a r i a t i o n among i n f a n t s i n t h e p a r t i c u l a r 
I S l c o r r e s p o n d i n g t o a p a r t i c u l a r v a l u e o f i n t a k e / s u c k ; a l t h o u g h t h e p a t t e r n 
i s t he same i n each case and i n d i v i d u a l responses are c o n s i s t e n t . 
5 . 6 . Pi scuss i on 
The work p r e s e n t e d i n t h i s c h a p t e r shows i n some d e t a i l how the s u c k i n g 
o f a baby changes d u r i n g a b r e a s t f e e d . Mean ( w i t h i n - b u r s t ) IS ! shows a 
v e r y s i g n i f i c a n t dec rease t h r o u g h t h e f i r s t h a l f - f e e d , and pause l e n g t h and 
% p a u s i n g t i m e a s i g n i f i c a n t i n c r e a s e . T h i s accords w i t h t h e d i r e c t i o n o f the 
change towards more t i m e spen t paus ing on s i d e 2 as compared w i t h s i d e 1 , 
i . e . w i t h t h e p r o g r e s s i o n o f t h e f e e d , w h i c h was no ted i n Chapter 3- The 
f i n d i n g s o f Chap te r 3 a r e e x t e n d e d i n t h a t a graded p a t t e r n o f changes i n 
s e v e r a l s u c k i n g pa rame te r s on t h e f i r s t b r e a s t is shown. There i s the 
i n d i c a t i o n o f mean iS I v a r y i n g i n v e r s e l y w i t h pause l e n g t h , i . e . p e r i o d s o f 
s l o w e r s u c k i n g a r e i n t e r s p e r s e d w i t h s h o r t e r pauses . Th i s sugges ts t h a t t h e 
two cova ry as p a r t o f an o v e r a l l change i n s u c k i n g p a t t e r n , a l t h o u g h t h i s 
need no t i m p l y t h a t b o t h a re n e c e s s a r i l y d e t e r m i n e d by t h e same f a c t o r s . 
i t has been s a i d t h a t t he baby spends less t ime s u c k i n g as a feed 
p r o g r e s s e s , on t h e b r e a s t ( P e i p e r , I 9 6 I ; Lu the r e t a l , 197^; Kaye, 1977) and 
on t h e b o t t l e (Dub ignon and C a m p b e l l , 1969; Crook , 1 9 7 7 ) . However, no d a t a 
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FIGURES 5 .23 - 5 .29 
MEAN ISI vs MILK INTAKE/SUCK FOR 
EACH BABY INDIVIDUALLY 
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•324 •432 •540 
Intake/Suck (g) 
F v a l u e = 3 3 . 5 4 ; p < 0 . 0 0 1 ; g r a d i e n t (m) = 43 . 90 
F i g u r e 5 .23 
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68 
•216 324 •432 5 4 0 
in take /Suck (g) 
F v a l u e = 2 8 . 7 4 ; p < 0. 0 0 0 ] ; g r a d i e n t (m)=68.08 
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F v a l u e = 3 0 . 1 7 ; p < 0 . 0 1 ; g r a d i e n t (.n) = 9 1 . 14 
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:k (g ) 
•432 540 
F v a l u e = 7.34;. N . S . ; g r c d i e n t (r.i) r 66 . 
F i - u r e 5 .22 
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has p r e v i o u s l y been p r e s e n t e d t o s u p p o r t t h i s o b s e r v a t i o n f o r n a t u r a l b r e a s t 
f e e d i n g . 
A t t h e b e g i n n i n g o f t h e second h a l f - f e e d , s u c k i n g r e v e r t s t o a p a t t e r n 
s i m i l a r t o t h a t seen a t t h e b e g i n n i n g o f f eed ing on t h e f i r s t b r e a s t , as 
shown by t h e l a c k o f a s i g n i f i c a n t d i f f e r e n c e between t h e s u c k i n g p a t t e r n s 
o f e p i s o d e s lA and 2A. Both e p i s o d e s have h i gh m i l k f l o w r a t e s bu t a re 
s e p a r a t e d by t h e i n g e s t i o n o f an a v e r a g e o f 31-5% o f t h e t o t a l m i l k t a k e n 
(see F i g u r e 5 . 1 ^ ) . T h i s f i n d i n g p r o v i d e s no s u p p o r t f o r any e f f e c t o f s a t i e t y 
on s u c k i n g ; b u t o f c o u r s e i t i s p o s s i b l e t h a t t h i s amount o f m i l k does no t 
s a t i a t e t h e baby much. 
The w e i g h t o f m i l k i n g e s t e d pe r suck changes t h r o u g h t he feed i n 
p a r a l l e l w i t h m i l k i n t a k e per u n i t t i m e on the b r e a s t . I t decreases t h rough 
b o t h t h e f i r s t and t h e second h a l f - f e e d s and i s l e s s , o v e r a l l , on s i d e 2 
t h a n on s i de 1 . 
The s t u d y r e v e a l s a s t r o n g p o s i t i v e c o r r e l a t i o n between mean m i l k i n t a k e / 
suck and mean I S I ; and w e a k e r , n e g a t i v e c o r r e l a t i o n s w i t h mean pause l e n g t h , 
and p e r c e n t a g e paus ing t i m e . T h i s does n o t suppo r t Kaye 's s t a t e m e n t t h a t 
t h e r e i s t y p i c a l l y no i n c r e a s e on b r e a s t o r b o t t l e i n pause d u r a t i o n ove r 
t h e c o u r s e o f a feed ( K a y e , 1 9 7 7 ) . M i l k f l o w r a t e i s c o r r e l a t e d w i t h a genera l 
s h i f t i n s u c k i n g p a t t e r n . H igh f l o w r a t e s are a s s o c i a t e d w i t h s u c k i n g 
p a t t e r n s s i m i l a r t o W o l f f ' s n u t r i t i v e mode w i t h s low c o n t i n u o u s s u c k i n g 
( a l t h o u g h w i t h a p r o p o r t i o n o f p a u s e s ) ; and very low r a t e s w i t h s u c k i n g 
p a t t e r n s r e s e m b l i n g t h e n o n - n u t r i t i v e mode w i t h i t s f a s t e r s u c k i n g r a t e s 
and more f r e q u e n t p a u s i n g . 
F u r t h e r , wha t emerges i s t h a t t h e who le o r g a n i z a t i o n o f s u c k i n g (and 
n o t s i m p l y t he s u c k i n g r a t e , as d e m o n s t r a t e d in Chapter 3) shows g r a d a t i o n s 
between t h e n u t r i t i v e and n o n - n u t r i t i v e modes d e s c r i b e d by W o l f f and 
o t h e r s . W o l f f ' s work was c a r r i e d ou t on i n f a n t s f e e d i n g from b o t t l e s under 
two c o n d i t i o n s : w i t h and w i t h o u t m i l k . The more v a r i e d c o n d i t i o n s o f b r e a s t 
105 
f e e d i n g r e v e a l t h a t t h i s may be an u n d e r e s t i m a t i o n o f t he r e p e r t o i r e o f 
i n f a n t s u c k i n g , w h i c h i s he re seen t o v a r y w i d e l y i n r a t e and p r o p o r t i o n o f 
t i m e s p e n t paus i n g , 
i n o r d e r t o e s t a b l i s h t h e d i r e c t i o n o f c a u s a l i t y i n t hese r e l a t i o n s h i p s , 
t h e r e i s a need f o r e x p e r i m e n t s i n w h i c h one f a c t o r i s a t r u e independen t 
v a r i a b l e . The nex t t h r e e e x p e r i m e n t s meet t l i i s r equ i r emen t i n v a r i o u s ways . 
I n o t h e r w o r d s , t h e h y p o t h e s i s t h a t m i l k f l o w r a t e a f f e c t s s u c k i n g b e h a v i o u r i s 
t e s t e d i n a p r e d i c t i v e w a y . I t must no t be f o r g o t t e n t h a t o t h e r , c l o s e l y -
r e l a t e d , f a c t o r s a l s o change t h r o u g h the course o f a f e e d . These f a c t o r s 
have been d i s c u s s e d i n Chap te r 3 ; t he same p o i n t s a r e r e l e v a n t he re i n 
a t t e m p t i n g t o a c c o u n t f o r t h e more d e t a i l e d changes i n s u c k i n g p a t t e r n as 
were r e l e v a n t i n Chap te r 3 i n r e l a t i o n t o the d i f f e r e n c e s i n s u c k i n g between 
s i d e s 1 and 2 . However , a f u l l d i s c u s s i o n o f t h e r e l a t i v e c o n t r i b u t i o n s o f 
t h e v a r i o u s f a c t o r s i s d e f e r r e d u n t i l t h e d i s c u s s i o n s e c t i o n o f Chapter 7 . 
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CHAPTER 6 
CHANGES IN SUCKING PATTERNS AS MILK PRODUCTION 
IS RESTORED DURING RELACTATION 
6 . 1 o I n t r o d u c t i o n 
The p r e v i o u s e x p e r i m e n t d e m o n s t r a t e d a c o r r e l a t i o n between t h e amount 
o f m i l k i n g e s t e d pe r suck and t h e p a t t e r n o f s u c k i n g . C o r r e l a t i o n s do no t 
i n t h e m s e l v e s i n d i c a t e t h e d i r e c t i o n o f c a u s a l i t y , bu t t h e e v i d e n c e f rom 
b o t t l e f e e d i n g s t u d i e s s u g g e s t s t h a t i t i s m i l k f l o w wh i ch d e t e r m i n e s 
s u c k i n g p a t t e r n s . 
A chance t o t e s t t h i s came a d v e n t i t i o u s l y w i t h a mother whose l a c t a t i o n 
was c o m p l e t e l y supp ressed p h a r m a c o l o g i c a l l y , and who then sought t o r e -
e s t a b l i s h t h e l a c t a t i o n by p u t t i n g t h e baby t o t h e b r e a s t . Suck ing p a t t e r n s 
and m i l k y i e l d were s t u d i e d t h r o u g h o u t t h e r e l a c t a t i o n . 
The s u b j e c t was a 2 4 - y e a r o l d woman who had s u c c e s s f u l l y e s t a b l i s h e d 
b r e a s t f e e d i n g f o l l o w i n g t h e induced b i r t h o f her f i r s t c h i l d . However, 
when t h e baby was n e a r l y t h r e e weeks o l d , t he mother s u f f e r e d severe 
p u e r p e r a l p s y c h o s i s and was c o m p u l s o r i l y a d m i t t e d t o a p s y c h i a t r i c w a r d . 
She was t r e a t e d w i t h l a r g a c t i l ( c h l o r p r o m a z i n e ) , t o w h i c h she became 
a l l e r g i c , and t h e n w i t h m e l l e r i l ( t h i o r i d a z i n e ) . 
The mo the r kep t t h e baby w i t h her bu t was g i v e n b r o m o c r i p t i n e 
( 2 - b r o m o - ^ e r g o c r i p t i n e : 5mgs. b . d . f o r two weeks f o l l o w e d by 2 . 5 m g s . b . d . 
f o r a f u r t h e r two weeks) t o supp ress l a c t a t i o n . T h i s d rug i s one o f t h e 
most e f f e c t i v e agen t s a v a i l a b l e f o r s u p p r e s s i n g b o t h p u e r p e r a l and e s t a b l i s h e d 
l a c t a t i o n (Brun de l Re e t a l , 1973; Wa lke r e t a l , 1 9 7 5 ) . Lack o f s u c k i n g 
s t i m u l a t i o n i s an i m p o r t a n t f a c t o r i n t h e s u p p r e s s i o n o f l a c t a t i o n (see 
Chap te r 1 ) , bu t i f b r o m o c r i p t i n e i s c o n c u r r e n t l y a d m i n i s t e r e d , i t a d d i t i o n a l l y 
i n h i b i t s t h e p r o d u c t i o n o r r e l e a s e o f p r o l a c t i n and t h e r e f o r e f u r t h e r reduces 
p lasma p r o l a c t i n l e v e l s (Wa lke r e t a l , 1 9 7 5 ) . 
N i n e t e e n days l a t e r , t h e mother was d i s c h a r g e d f r om h o s p i t a l as she 
TABLES 6 .1 - 6 ,4 
DETAILS OF THE SIX FEEDS 










TABLE 6 . ] 
MILK INTAKE DURING LACTATION 
Age o f We igh t o f baby a t Ep isode We igh t q a i n , q 







5 .280 kg 
5 .350 kg 
5 .610 kg 
5 .790 kg 
5 .840 kg 







































TABLE 6 .2 
SUCKING MEASURES DURING RELACTATION 
Feed 
Day 
Ep i sode Mean ISI 
( seconds ) 
Mean j j a u s e 
l e n g t h 
(seconds) 
Mean b u r s t 
l e n g t h 
(seconds) 
Mean no . 
s u c k s / 







4 . 5 7 






































































Day 39 1 
TABLE 6 .3 
FAT LEVELS OF THE MILK DURING RELACTATION 
C r e a m a t o c r i t F a t , g/lOOml Mean v a l u 
R e p l i c a t e s 
1 6 . 7 k.2 4 .3 
6 . 9 h.3 
2 15.2 10.0 10.1 
1 5 . ^ 10.1 
1 6.A k.o 4 . 2 
6 . 8 h.3 
2 10 ,6 6 . 9 6 .9 
10.7 6 . 9 
3 11 .2 7 .3 7.3 
11.3 7 .3 
1 '1.7 2 . 8 2 .8 
2 . 7 
2 12 .6 8 . 2 8 .4 
13.1 8 . 6 
1 6 . 0 3 . 7 3 .8 
6 . 2 3 . 8 
2 U . 6 9 .6 9 .6 
14 .6 9 . 6 
 5 .2 3 .2 3 .1 
5 . 0 3 .0 
2 l ^ t . l 9 .3 9 .3 
9 .3 
1 10.0 6 . 4 6 .3 
9 . 7 6 .2 
2 11 .8 7 .7 7 .3 
10.7 6 . 9 
1 = b e f o r e f e e d i n g n ^ ^ j i . • ^ 
o _ f ^ ^ A ' . r , ^ D o t t e d l i n e i n d i a t e s end o f samp l i ng on f i r s t b r e a s t 2 = a f t e r f e e d i n g _ i ^ i < r , i , , ^ 
Samples t a k e n b e f o r e baby pu t on b r e a s t and a f t e r 
end o f f e e d i n g , on eacii s i d e . 
Day 2 7 : E x t r a sample t a k e n towards end o f feed because a t t h e t ime t h i s was 
t h o u g h t t o be t h e end o f t he f e e d . Baby t hen p r o t e s t e d and was 
r e t u r n e d t o b r e a s t . 
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TABLE 6 . 4 
CORRELATION BETWEEN MILK YIELD AND SUCKING 
PARAMETERS lA + 2A DURING RELACTATION 
S u c k i n g p a r a m e t e r i- p 
Mean tSI 0.813 N.S. 
Mean pause l e n g t h - 0 . 6 7 9 N.S. 
Mean b u r s t l e n g t h 0.928 p < 0 .05 
Mean n o . s u c k s / b u r s t 0.884 p < 0 .05 
% p a u s i n g t i m e -0 .823 p < 0 . 0 5 
in 
had improved c o n s i d e r a b l y . As she was a n x i o u s t o r e - e s t a b l i s h b r e a s t f e e d i n g , 
t w e n t y - f o u r days l a t e r she began t o pu t t h e baby t o t he b r e a s t f o r p e r i o d s 
o f up t o 30 m i n u t e s b e f o r e each b o t t l e f e e d . I t was by now s i x weeks s i n c e 
t h e baby had l a s t f e d on t h e b r e a s t . 
6 . 2 . Method 
Mother and baby came t o t h e n u r s e r y s i x t imes d u r i n g t h e r e l a c t a t i o n 
p e r i o d . I f t h e day on w h i c h t h e baby resumed s u c k i n g on t h e b r e a s t i s 
d e s i g n a t e d Day 1 , t h e o b s e r v a t i o n s were on Days 6 , 1 1 , 18, 2 7 , 34 and 39 . 
A l 1 t h e v i s i t s e x c e p t t h e f i r s t , w h i c h was a t 10 a . m . , t ook p l a c e i n the 
e a r l y a f t e r n o o n , when a f e e d was d u e . ( I t was i m p o r t a n t t o t e s t - w e i g h 
d u r i n g a comparab le f e e d each t i m e s i n c e t h e amount o f m i l k t h e baby o b t a i n s 
v a r i e s a c c o r d i n g t o t h e amount t aken a t t h e p r e v i o u s feed and t h e t i m e 
e l a p s e d s i n c e t h a t f e e d ) . The baby was weighed b e f o r e be ing p u t t o t he 
b r e a s t and a t 5 -6 m i n u t e i n t e r v a l s u n t i l she was t r a n s f e r r e d t o t he b o t t l e 
t o c o m p l e t e h e r f e e d . The s u c k i n g was reco rded on v i d e o t a p e . The sucks 
were s u b s e q u e n t l y s t o r e d on computer d i s c as d e s c r i b e d in Chap te r 3 . 
D u r i n g t h e l a s t t h r e e s e s s i o n s , 1-2 ml samples o f b r e a s t m i l k were 
m a n u a l l y e x p r e s s e d f r o m each b r e a s t by t h e mother immed ia te l y b e f o r e and 
a f t e r n u r s i n g . These samples were a n a l y s e d f o r p e r c e n t a g e f a t by t he 
" c r e a m a t o c r i t " method (Lucas e t a l , 1 9 7 8 ) . Th i s i s a s i m p l e m ic romethod 
f o r t h e e s t i m a t i o n o f f a t i n m i l k and i n v o l v e s c e n t r i f u g i n g t he m i l k h e l d 
i n a c a p i l l a r y t ube i n a h a e m a t o c r i t c e n t r i f u g e . The l e n g t h o f t h e cream 
l a y e r i s read f r o m t h e c a p i l l a r y t ube and expressed as a p e r c e n t a g e o f the 
t o t a l l e n g t h o f t h e m i l k co lumn i . e . t h e " c r e a m a t o c r i t " . L i p i d c o n c e n t r a t i o n , 
e x p r e s s e d i n g / l O O m I , i s c a l c u l a t e d w i t h r e f e r e n c e t o a s t a n d a r d c u r v e . 
6 . 3 . R e s u l t s 
The b a b y ' s w e i g h t a t t h e b e g i n n i n g o f each s e s s i o n , t h e m i l k y i e l d s 
and t h e f l o w r a t e s d u r i n g each f eed a r e shown i n T a b l e 6 . 1 . For each s u c k i n g 
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e p i s o d e on t h e b r e a s t mean I S I , mean pause l e n g t h , mean b u r s t l e n g t h , mean 
number o f s u c k s / b u r s t and % p a u s i n g t i m e were c a l c u l a t e d , and t h e s e da ta a r e 
p r e s e n t e d i n T a b l e 6 . 2 . The c r e a m a t o c r i t va l ues f o r t h e p e r c e n t a g e o f 
f a t i n t h e m i l k a r e g i v e n in T a b l e 6 . 3 . 
F i g u r e 6 . 1 shows t h e p r o g r e s s i o n d u r i n g r e l a c t a t i o n o f t h e m i l k y i e l d 
f r o m each b r e a s t w i t h i t s p e r c e n t a g e f a t , and s u c k i n g p a r a m e t e r s f r o m the 
combined e p i s o d e s lA and 2A o f each f e e d (wh ich a r e t h e p e r i o d s when t h e 
baby o b t a i n s most o f t h e m i l k ( S m i t h and M e r r i t t , 1922-) - an ave rage o f 
d u r i n g t h e l a s t f o u r f e e d s , i n w h i c h t h e baby r e c e i v e d m i l k ) . 
M i l k y i e l d i n c r e a s e s s t e a d i l y and seems t o have reached a p l a t e a u 
by t h e s e s s i o n on Day 3 4 . By t h i s t i m e t h e baby was a g a i n e n t i r e l y b r e a s t 
f e d a n d , as can be seen f r o m T a b l e 6 . 1 , was g a i n i n g w e i g h t . The p e r c e n t a g e s 
o f f a t b e f o r e and a f t e r f e e d i n g on each s i d e show t h e e x p e c t e d i n c r e a s e s 
as t h e b r e a s t i s p r o g r e s s i v e l y e m p t i e d (Tab le 6 . 3 ) . The v a l u e s a r e a t o r 
above t h e h i g h e r end o f t h e normal range ( H y t t e n , 1954 ; Macy and K e l l y , 1 9 6 1 ) . 
Each s u c k i n g measure f o r lA and 2A t o g e t h e r was c o r r e l a t e d w i t h m i l k 
y i e l d u s i n g t h e Spearman r a n k - o r d e r c o r r e l a t i o n t e s t , see T a b l e 6 . 4 . T h i s 
t a b l e shows t h a t mean b u r s t l e n g t h , n o . s u c k s / b u r s t and % p a u s i n g t i m e change 
s i g n i f i c a n t l y w i t h i n c r e a s i n g m i l k y i e l d . In c o n j u n c t i o n w i t h F i g u r e 6 .1 
i t can be seen t h a t mean ISI a l s o changes as p r e d i c t e d , a l t h o u g h t h i s j u s t 
f a i l s t o r e a c h s i g n i f i c a n c e . 
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F i g u r e 6 . 1 . Changes i n m i l k i n t a k e and, s u c k i n g measures w i t h r e l a c t a t ron 
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6 . 4 . D i s c u s s i o n 
T h i s case d e m o n s t r a t e s , f i r s t l y , t h a t I t i s p o s s i b l e t o r e - e s t a b l i s h 
b r e a s t f e e d i n g s h o r t l y a f t e r a c o u r s e o f b r o m o c r i p t i n e , a p roven s u p p r e s s o r 
o f l a c t a t i o n . T h i s has n o t p r e v i o u s l y been r e c o r d e d . The baby was f i r s t 
pu t back t o t h e b r e a s t s i x weeks a f t e r t h e change t o b o t t l e f e e d i n g and 
t h e b e g i n n i n g o f b r o m o c r i p t i n e t r e a t m e n t . I t t h e r e f o r e seems t h a t no 
s u b s t a n t i a l e f f e c t o f t h e d r u g p e r s i s t s o v e r t h i s l e n g t h o f t i m e t o 
p r e v e n t m i l k s y n t h e s i s . However , a l t h o u g h t he b a b y ' s m i l k i n t a k e d u r i n g 
each feed seemed t o have reached a p l a t e a u by t h e f i f t h s e s s i o n , I t Is 
p r o b a b l e t h a t l a c t a t i o n was s t i l l n o t f u l l y r e s t o r e d a t t h e t i m e o f t h e 
l a s t s e s s i o n . (The s t u d y ended a t t h i s p o i n t because t h e f a m i l y moved 
a b r o a d ) . T h i s i s s u g g e s t e d by t h e v a l u e s o f m i l k i n t a k e / s u c k , w h i c h do 
n o t r i s e above 0 , 1 2 g , compared w i t h a maximum o f 0 .48g reco rded I n t h e 
p r e v i o u s e x p e r i m e n t ( i n a 6 l - d a y o l d b a b y ) . B e a r i n g I n mind a p o s s i b l y 
reduced I n t a k e / s u c k as a r e s u l t o f t h e l o n g e r p e r i o d s o f f e e d i n g between 
w e i g h i n g s i n t h i s e x p e r i m e n t , t h i s s u g g e s t s t h a t t h e r a t e o f f l o w o f 
m i l k may perhaps n o t have been r e s t o r e d t o q u i t e t he l e v e l s one wou ld f i n d 
i n a normal l a c t a t i o n . The baby w a s , however , g a i n i n g w e l g h t s a t i s f a c t o r i l y , 
a t t h e t i m e o f t h e l a s t s e s s i o n he r w e i g h t b e f o r e f e e d i n g ( a l l o w i n g 250g 
f o r he r c l o t h e s and nappy) was j u s t above the 5 0 t h c e n t l l e on t he g row th 
s t a n d a r d s o f T a n n e r , W h i t e h o u s e and T a h a i s h ( I 9 6 6 ) . Presumably t h e r e f o r e , 
w i t h s u f f i c i e n t p e r i o d s o f n u r s i n g and enough feeds I n a d a y , she was 
o b t a i n i n g adequa te n o u r i s h m e n t . 
I t i s n o t p o s s i b l e t o make an e x a c t compar ison o f y i e l d w i t h t h e 
a v e r a g e v a l u e s f o r u n i n t e r r u p t e d l a c t a t i o n s a t s i m i l a r t i m e s p o s t - p a r t i m 
( a p p r o x i m a t e l y 14 weeks) because t he c o r r e c t b a s i s f o r compar ison i s 
p e r 24 h o u r s r a t h e r t h a n per f e e d . Nor i s i t p o s s i b l e t o compare t h e s e 
y i e l d s w i t h t h o s e r e c o r d e d In t h e p r e v i o u s c h a p t e r s i n c e most o f them 
t o o k p l a c e i n t h e m o r n i n g and t h e b a b y ' s m i l k i n t a k e i s known t o v a r y 
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t h r o u g h t he d a y . Most i s t aken e a r l y i n t he morn ing ( H y t t e n , 1 9 5 4 ) , 
w h i c h r e f l e c t s i t s a c c u m u l a t i o n d u r i n g t h e n i g h t when t h e baby t akes 
l e s s m i l k . The a c t u a l r a t e o f s e c r e t i o n i s e f f e c t i v e l y c o n s t a n t ove r the 
24 h o u r s (Gun the r and S t a n i e r , 1 9 4 9 ) . 
There i s a h i g h p r o p o r t i o n o f l i p i d i n t he m i l k o f t h i s m o t h e r , 
e s p e c i a l l y in t h e h i n d m i l k o f b o t h t h e f i r s t and second b r e a s t s . T h i s may 
be r e l a t e d t o t h e r e l a t i v e l y low vo lume o f m i l k t aken d u r i n g t h e s e ( a f t e r -
noon) f e e d s . 
As t he r e l a c t a t i o n p r o g r e s s e d and m i l k y i e l d i n c r e a s e d , t h e s u c k i n g 
c h a n g e d . A l l measures e x c e p t mean pause l e n g t h and mean ISI a r e s i g n i f i c a n t l y 
c o r r e l a t e d w i t h m i l k y i e l d ( T a b l e 6 . 4 ) . F i g u r e 6 .1 i l l u s t r a t e s t hese changes 
t h r o u g h t he r e l a c t a t i o n . The changes a r e e n t i r e l y c o n s i s t e n t w i t h t he r e s u l t s 
o f t he p r e v i o u s e x p e r i m e n t and a r e i n t h e d i r e c t i o n w h i c h wou ld be expec ted 
i f m i l k a v a i l a b i l i t y a n d / o r c o m p o s i t i o n d e t e r m i n e s u c k i n g r a t e . 
The d a t a f r o m t h i s s t u d y can be u s e f u l l y i n c o r p o r a t e d i n t o F i g u r e 5.18 
t o p r o v i d e a d d i t i o n a l p o i n t s a t t h e l o w e r end o f the d i s t r i b u t i o n . T h i s 
has been done i n F i g u r e 6 . 2 . I t can be seen t h a t t h e d i s t r i b u t i o n fo rms a 
t r u e c o n t i n u u m t h r o u g h o u t t h e range o f m i l k i n t a k e s / s u c k , w i t h no t h r e s h o l d s 
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CHAPTER 7 
A FURTHER STUDY OF THE EFFECT OF MILK 
AVAILABILITY ON SUCKING PATTERNS 
7 . 1 . In t r o d u c t i o n 
In t h e l a s t c h a p t e r s u c k i n g p a t t e r n s were shown t o change as m i l k 
a v a i l a b i l i t y i n c r e a s e d d u r i n g r e l a c t a t l o n . No o t h e r case o f r e l a c t a t i o n 
was e n c o u n t e r e d . So i n t h e e x p e r i m e n t r e p o r t e d I n t h i s c h a p t e r t h e same 
o b j e c t was a c h i e v e d by compar i ng t he b a b y ' s s u c k i n g on f u l l and empty 
b r e a s t s d u r i n g e s t a b l i s h e d l a c t a t i o n . 
7 . 2 . S u b j e c t s and p r o c e d u r e 
As b e f o r e , a g roup o f m o t h e r s was c o n t a c t e d t h r o u g h N a t i o n a l C h i l d b i r t h 
T r u s t c l a s s e s o r t h r o u g h a G . P . ' s w e l l - b a b y c l i n i c ( d e t a i l s I n T a b l e 7 . 1 ) . 
The feed was c a r r i e d o u t as f o l l o w s : 
A t t h e f i r s t f e e d : 
(1 ) The baby e m p t i e d ( o r n e a r l y e m p t i e d ) one b r e a s t , 
(2 ) The baby was e i t h e r f ed on t he second b r e a s t , o r r e t u r n e d t o t he f i r s t 
b r e a s t . 
A t t h e second f e e d ; 
As f o r t h e f i r s t f e e d , b u t w i t h t h e o t h e r o p t i o n f o l l o w e d f o r ( 2 ) . 
The o r d e r was c o u n t e r b a l a n c e d a c r o s s t h e e i g h t m o t h e r s , as d e t a i l e d 
i n T a b l e 7 . 2 . The i m p o r t a n t f e a t u r e o f t h i s des ign i s t h a t t h e baby i s 
e q u a l l y hung ry b e f o r e b e i n g t e s t e d on t h e f u l l and t h e empty b r e a s t . 
The e i g h t mo the rs and t h e i r i n f a n t s were a s s i g n e d , two t o each o f t h e 
f o u r g roups i n T a b l e 7 . 2 . The mothers w e r e asked i n advance t o a r r a n g e 
f e e d i n g such t h a t t hey w o u l d want t o nu rse f i r s t on the a p p r o p r i a t e 
s i de a t t h a t v i s i t . 
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Mother and baby were b r o u g h t t o the n u r s e r y on two d a y s , a t s i m i l a r 
t i m e s o f t h e d a y , when a feed was n e a r l y d u e , and t he v i s i t s were as near 
t o g e t h e r as p o s s i b l e (see T a b l e 7 .1 ) t o keep as c o n s t a n t as p o s s i b l e t h e 
many f a c t o r s w h i c h can i n f l u e n c e b r e a s t f e e d i n g . The baby was we ighed t o 
t h e n e a r e s t lOg on ai m o d i f i e d t o p - l o a d i n g ba lance i m m e d i a t e l y b e f o r e g o i n g 
on t h e b r e a s t and a g a i n a t a p p r o x i m a t e l y 3 m inu te i n t e r v a l s t h r o u g h o u t t h e 
f e e d . The b a b y ' s s u c k i n g was r e c o r d e d on v i d e o t a p e . 
The m o t h e r was asked t o i d e n t i f y t he p o i n t a t w h i c h she was abou t t o 
change t h e baby ove r t o t he o t h e r b r e a s t . The c r i t e r i a were those o f mother 
and baby and no a t t e m p t was made t o i n f l u e n c e the d e c i s i o n . 
One feed was as n o r m a l , the mother t r a n s f e r r i n g t he baby f rom one 
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b r e a s t t o t h e o t h e r i n t h e usua l way , a f t e r w e i g h i n g . A t t h e changeover 
p o i n t i n t h e o t h e r f e e d , she was asked t o pos tpone p u t t i n g t h e baby t o t h e 
o t h e r b r e a s t and i n s t e a d t o p u t h im back on t o t h e f i r s t b r e a s t , a f t e r 
w e i g h i n g , f o r a f u r t h e r t h r e e m i n u t e s . Only t h e n , a f t e r a f u r t h e r w e i g h i n g , 
was he pu t t o t h e second b r e a s t and f r o m then on t h e e x p e r i m e n t a l feed d i d 
n o t d i f f e r f r o m t h e c o n t r o l . 
7 . 3 . R e s u l t s 
The r e s u l t s were a n a l y s e d In a s i m i l a r way t o t h o s e o f t h e p r e v i o u s 
e x p e r i m e n t . For each 3" 'n i inute p e r i o d t h e s u c k i n g was t r a n s f e r r e d f r o m v i d e o -
t a p e t o compu te r and s t o r e d on d i s c t o g e t h e r w i t h r e l e v a n t d e t a i l s o f each 
p e r i o d . The 3 - m i n u t e f e e d i n g e p i s o d e when the baby was pu t back on t o t h e 
e m p t i e d b r e a s t was d e s i g n a t e d IF ( f o r F i n a l ) ; on t he f u l 1 b r e a s t i t i s 
c a l l e d 2A as u s u a l . 
The mean o f t h e v a l u e s o f m i l k i n t a k e / s u c k was c a l c u l a t e d f o r a l l IF 
and a l l 2A p e r i o d s , as was t h e mean o f t h e mean va l ues o f I S I , paqse l e n g t h , 
b u r s t l e n g t h , mean number o f s u c k s / b u r s t and % paus ing t i m e f o r t hese two 
p e r i o d s . 
For each b a b y , t h e v a l u e s o f mean m i l k i n t a k e / s u c k were p l o t t e d a g a i n s t 
t h e c o r r e s p o n d i n g mean I S l ' s f o r e p i s o d e s IF and 2A ( F i g u r e 7 . 1 ) . T h i s 
i l l u s t r a t e s t h a t t h e p a t t e r n f o r each baby is the same and t h a t I t acco rds 
w i t h t h e r e s u l t s r e p o r t e d i n Chap te rs 5 and 6 ; low i n t a k e s o f m i l k / s u c k 
a r e a lways a s s o c i a t e d w i t h s h o r t I S l ' s i . e . f a s t s u c k i n g r a t e s , and h i g h 
i n t a k e s w i t h s l o w e r s u c k i n g r a t e s . Complete emp ty ing o f t he f i r s t b r e a s t 
was n o t e s s e n t i a l , and i n t a k e s / s u c k v a r y f rom 0 - 0 .1 I g f o r ep i sode I F ; f o r 
e p i s o d e 2A, t h e y v a r y f r o m 0 ,09 t o 0 , 3 5 g . 
A r e l a t e d - m e a s u r e s t - t e s t was c a r r i e d o u t on a l l t h e s u c k i n g measures 
between e p i s o d e s I F and 2A f r o m t h e two feeds o f each baby , and t he r e s u l t s 
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123 
2 Tailed 
, t=01133, N-^ ^^ ^^ ^^  
F i g u r e J.h. Mean pause l e n g t h 
12'* 
2 Tailed 
df = 7, t = 2-0676, N.S. 





df = 7, t= 1-724, N.S. 







d f=7 , t = 2 - 4 8 , p<0-05 
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127 
M i l k i n t a k e / s u c k i s s i g n i f i c a n t l y d i f f e r e n t between the two 
e p i s o d e s . Of t h e s u c k i n g p a r a m e t e r s , mean IS ! and mean % paus ing t ime a r e 
s i g n i f i c a n t l y d i f f e r e n t bu t t he o t h e r measures a r e n o t , a l t h o u g h t hey change 
i n t h e d i r e c t i o n w h i c h m i g h t be expec ted on t he b a s i s o f the work o f the 
p r e v i o u s c h a p t e r s . The v a r i a n c e i s v e r y g r e a t , w h i c h p r o b a b l y accoun ts f o r 
t h e l a c k o f s i g n i f i c a n c e i n measures o t h e r than mean iS I and mean^ 
p a u s i n g t i m e . 
7 . 4 . P i s c u s s ion 
The r e s u l t s o f t h i s e x p e r i m e n t demons t ra te t h a t when t h e a v a i l a b i l i t y 
and hence t h e f l o w r a t e o f t h e m i l k p r e s e n t e d t o a b r e a s t f e e d i n g baby v a r i e s , 
mean ISI and mean % p a u s i n g t i m e d i f f e r even though t he baby i s s a t i a t e d 
(and f a t i g u e d ) t o a comparab le d e g r e e . Mean pause l e n g t h , w h i c h was shown 
i n Chap te r 5 t o c o r r e l a t e w i t h f l o w r a t e , does n o t s i g n i f i c a n t l y change , 
w h i c h may i n d i c a t e t h a t t h i s pa rame te r depends more upon t he s t a t e o f the 
baby t han on t he r a t e a t w h i c h he i s r e c e i v i n g m i l k . 
Thus m i l k a v a i l a b i l i t y has a c o n s i s t e n t and p r e d i c t a b l e e f f e c t upon 
s u c k i n g w h i c h i s i ndependen t o f t he hunger s t a t e and f a t i g u e o f the baby . 
The changes a r e c o n s i s t e n t w i t h t h e r e s u l t s o f t h e p r e v i o u s e x p e r i m e n t s . 
Combin ing t h e f i n d i n g s , t h e r e f o r e , we see t h a t ISI i s i n c r e a s e d , % paus ing 
t i m e i s d e c r e a s e d , and mean b u r s t l e n g t h and n o . s u c k s / b u r s t a r e i n c r e a s e d 
w i t h h i g h e r m i l k f l o w . So s u c k i n g v a r i e s w i t h t h e a v a i l a b i l i t y o f t h e m i l k 
even when t h e b a b y ' s s t a t e i s c o n s t a n t . The s u c k i n g parameters p r o b a b l y 
d i f f e r i n t h e e x t e n t t o w h i c h t h e y a r e i n f l u e n c e d by t he two t ypes o f 
f a c t o r , as was no ted i n Chap te r 5 and i n t h i s c h a p t e r , w h e r e by f a r t h e most 
r e l i a b l e and c o n s i s t e n t c o r r e l a t i o n s w i t h m i l k f l o w i s shown by mean ISI . 
T h i s g r e a t e r c o r r e l a t i o n o f m i l k f l o w r a t e w i t h s u c k i n g r a t e t han w i t h 
o t h e r a s p e c t s o f t he o r g a n i z a t i o n o f s u c k i n g , w h i c h may c o l l e c t i v e l y be termed 
t h e p r o b a b i l i t y o f t he baby s u c k i n g a t any one t i m e , i s i n t e r e s t i n g i n t h a t 
i t echoes C r o o k ' s s t u d y where w i t h i n - b u r s t s u c k i n g r a t e was d e t e r m i n e d 
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e x c l u s i v e l y by anot iner p r o p e r t y o f the f l u i d t h e baby r e c e i v e d , namely i t s 
sweetness (Crooi<, 1 9 7 7 ) . The o t h e r pa ramete rs o f s u c k i n g , such as b u r s t 
l e n g t h , were found by h im t o be more i n f l u e n c e d by f a c t o r s r e l a t i n g t o 
t h e p r o g r e s s i o n o f t h e f e e d , i . e . s t a t e changes , s a t i a t i o n and f a t i g u e . 
T h i s t o o was the c o n c l u s i o n reached by Dubignon and Campbell ( 1 9 6 9 ) , and 
by H i l l m a n and Bruner ( 1 9 7 2 ) , a g a i n w i t h b o t t l e fed b a b i e s . 
T h i s seems l o g i c a l s i n c e i n t r a - o r a l v a r i a b l e s a r e among t he most p o t e n t 
i n i n f l u e n c i n g s u c k i n g r a t e (see Chap te r 2 ) . Given t h i s , one s h o u l d perhaps 
l o o k f i r s t t o i n t r a - o r a l v a r i a b l e s i n an a t t e m p t t o a c c o u n t f o r t he changes 
i n s u c k i n g r a t e d u r i n g b r e a s t f e e d i n g . Parameters r e l a t i n g t o t h e p r o b -
a b i l i t y o f s u c k i n g d u r i n g a b r e a s t f eed show a somewhat weaker c o r r e l a t i o n o r 
no c o r r e l a t i o n w i t h m i l k f l o w . T h i s a g a i n i l l u s t r a t e s t h e f a c t t h a t 
s u c k i n g r a t e and t h e b u r s t / p a u s e p a t t e r n do no t n e c e s s a r i l y a lways c o v a r y 
d u r i n g b r e a s t f e e d i n g , w h i c h H i l l m a n and Bruner (1972) demons t ra ted f o r b o t t l e 
f e e d i n g (see s e c t i o n 2 . 7 ) . 
We can now r e c a p i t u l a t e t h e f i n d i n g s o f t he e x p e r i m e n t a l work so f a r : and 
a t t e m p t t o b u i l d up a c o m p o s i t e p i c t u r e , b e f o r e g o i n g on t o d i s c u s s p o s s i b l e 
e x p l a n a t i o n s f o r t h e f i n d i n g s . 
(1 ) V i r t u a l l y c o n t i n u o u s n u t r i t i v e s u c k i n g is v e r y r a r e l y seen d u r i n g b r e a s t 
f e e d i n g . For e x a m p l e , o u t o f t h e t o t a l number o f 228 ep i sodes obse rved d u r i n g 
t h e b r e a s t f eeds o f Chap te r 3 (each e p i s o d e be ing up t o 5 m inu tes i n l e n g t h , 
w i t h s e v e r a l t o a f e e d ) , o n l y 3 had a % s u c k i n g t i m e o f 100%. T h i s may 
p a r t l y be due t o t h e n a t u r e o f t h e m i l k . Johnson and S a l i s b u r y (1975) 
n o t e d more pauses w i t h b r e a s t m i l k t h a n w i t h b o t t l e m i l k when i t was g i v e n 
t o t h e i n f a n t s t h r o u g h t he same a p p a r a t u s . 
In a d d i t i o n , t h e d a t a do no t p r o v i d e any e v i d e n c e f o r t he c r i t i c a l 
t h r e s h o l d o f m i l k f l o w p o s t u l a t e d by Kaye ( 1 9 7 2 ) , above w h i c h he s u g g e s t s 
t h e b u r s t / p a u s e p a t t e r n d i s a p p e a r s . They s u p p o r t h i s l a t e r c o n t e n t i o n t h a t 
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a l l s u c k i n g i s f u n d a m e n t a l l y o r g a n i s e d i n a b u r s t / p a u s e p a t t e r n (Kaye , 1977 ) . 
(2 ) No d i s c o n t i n u i t i e s between s u c k i n g r a t e s , o f t he k i n d wh i ch m igh t be 
e x p e c t e d f r o m the n u t r i t i v e / n o n - n u t r i t i v e d i s t i n c t i o n , were f o u n d , even a t 
t h e f i n e l e v e l o f a n a l y s i s p o s s i b l e w i t h f i l m . These two now appear r a t h e r 
as t h e ex t remes o f a c o n t i n u u m . I t f o l l o w s t h a t t h e r e may be j u s t one c e n t r a l 
o s c i l l a t o r y mechanism w h i c h s e t s t he pace o f s u c k i n g , r e s p o n s i v e t o e x t e r n a l 
cues w h i c h v a r y t h e r a t e . 
(3 ) Suck ing p a t t e r n s change w i t h changes in m i l k a v a i l a b i l i t y and c o m p o s i t i o n . 
The changes seen t h r o u g h t h e c o u r s e o f t h e f i r s t h a l f - f e e d a r e an i n c r e a s e 
i n s u c k i n g r a t e combined w i t h a dec reased p r o b a b i l i t y t h a t t h e I n f a n t i s 
s u c k i n g a t any one t i m e . There i s a d e f i n i t e , p r e d i c t a b l e g r a d a t i o n in the 
p a r a m e t e r s , s u g g e s t i n g t h e i n f l u e n c e o f a f a c t o r o r f a c t o r s w h i c h must a l s o 
change i n t h i s o r d e r l y way . These g r a d a t i o n s a r e an i n t r i g u i n g f e a t u r e o f 
s u c k i n g i n human i n f a n t s and a r e a n o t h e r i l l u s t r a t i o n o f i t s c o n s i d e r a b l e 
p l a s t i c i t y . 
(k) M i l k i n t a k e / s u c k d e c r e a s e s f r o m t h e b e g i n n i n g t o t h e end o f t h e f e e d . 
T h i s measure c o r r e l a t e s h i g h l y w i t h s u c k i n g r a t e , and t o a l e s s e r e x t e n t w i t h 
pause l e n g t h and % p a u s i n g t i m e . V a r i a t i o n in m i l k i n t a k e / s u c k i s a s s o c i a t e d 
w i t h p r e d i c t a b l e and c o n s i s t e n t changes In ISI and % paus ing t i m e d u r i n g t h e 
n a t u r a l c o u r s e o f a f e e d ; when t h e b a b y ' s hunger s t a t e i s c o n t r o l l e d t he same 
c o r r e l a t i o n i s f o u n d . T h i s sugges ts t h a t m i l k f l o w r a t e de te rm ines s u c k i n g 
r a t e i n a v e r y p r e c i s e w a y , a n d , t o a l e s s e r e x t e n t , d e t e r m i n e s t h e 
p r o b a b i l i t y o f s u c k i n g . 
T h i s i s t h e o b v i o u s e x p l a n a t i o n . On the b r e a s t , however , m i l k f l o w i s 
con founded w i t h m i l k c o m p o s i t i o n . In most c i r c u m s t a n c e s i n w h i c h f l o w i s 
h i g h , t h e f a t c o n t e n t i s l o w e r . Any e f f e c t o f t h i s change o f m i l k 
c o m p o s i t i o n has no t y e t been e x a m i n e d , though Chan, P o l l i t t and L e i b e l 
(19799 d i s c u s s e d in Chap te r 2) d i d n o t f i n d d i f f e r e n c e s I n i n t a k e i n response 
t o a r t i f i c i a l m i l k s o f d i f f e r i n g l i p i d l e v e l s . 
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Given t h e l a c k o f d a t a on t he p o s s i b l e e f f e c t s o f m i l k w i t h d i f f e r e n t 
l i p i d c o n t e n t s on s u c k i n g p a t t e r n s , i t I s i m p o s s i b l e t o assess t h e 
e x t e n t o f any such e f f e c t . 
in any c a s e , t h e r e wou ld appear t o be a number o f p i e c e s o f e v i d e n c e 
w h i c h s u g g e s t t h a t f l o w r a t e i s t h e s t r o n g e r c o n t e n d e r f o r t he ma jo r 
i n f l u e n c e on s u c k i n g b e h a v i o u r . P r e v i o u s , w e l l - k n o w n , e f f e c t s on s u c k i n g 
p a t t e r n s d u r i n g b o t t l e f e e d i n g a r e based on m i l k vo lume. For examp le , t he 
n u t r i t i v e / n o n - n u t r i t i v e d i s t i n c t i o n i s i t s e l f based upon d i f f e r i n g f l o w r a t e s , 
i . e . z e r o / b r i s k f l o w o f m i l k . 
A l t h o u g h t h e r e may be c o n s i d e r a b l e d i f f e r e n c e s between b r e a s t and b o t t l e 
f e e d i n g , t h e work o f Crook (1976) and Burke (1977) on b o t t l e f ed i n f a n t s 
d e m o n s t r a t e s a s i m i l a r e f f e c t o f i n c r e a s e d f l u i d vo l ume /suck on s u c k i n g r a t e 
and on mean pause t i m e , a l b e i t t h e volumes used a re v e r y sma l l and the f l u i d 
i s s u c r o s e s o l u t i o n n o t m i l k . In a d d i t i o n , t h e r e i s t he i n t e r e s t i n g 
f i n d i n g o f H i l l m a n and Bruner (1972) t h a t as d e l i v e r y o f a f i x e d amount o f 
m i l k was made l e s s f r e q u e n t , s u c k i n g b u r s t s became s h o r t e r and pauses l o n g e r . 
( D u r i n g b r e a s t f e e d i n g , m i l k f l o w may become i n t e r m i t t e n t t owards t he end 
o f f e e d i n g on each s i d e ) . 
I t t h e r e f o r e seems 1 i k e l y t h a t m i l k f l o w r a t e i s t h e p redom inan t 
i n f l u e n c e on s u c k i n g p a t t e r n s ( e s p e c i a l l y on w i t h i n - b u r s t s u c k i n g r a t e ) 
d u r i n g b r e a s t f e e d i n g . 
D u r i n g b o t t l e f e e d i n g , m o n i t o r i n g o f f l u i d volume appears n o t t o occu r 
a t each suck s i n c e a g i v e n q u a n t i t y o f f l u i d d e l i v e r e d w i t h e v e r y 3 r d , 5 t h 
o r 1 0 t h suck produces a s i m i l a r r a t e t o t h a t r e s u l t i n g f rom d e l i v e r y o f -
t h a t q u a n t i t y o f f l u i d w i t h e v e r y suck ( H i l l m a n and B r u n e r , 1 9 7 2 ) . In 
o t h e r w o r d s , s u c k i n g r a t e i s p e r i o d i c a l l y " t r i g g e r e d " f o r t he n e x t few 
s u c k s . I t i s n o t known w h e t h e r a s i m i l a r e f f e c t o p e r a t e s d u r i n g b r e a s t 
f eed i n g . 
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I f m i l k f l o w does i n f l u e n c e s u c k i n g r a t e d u r i n g b r e a s t f e e d i n g , e x p l a n -
a t i o n s o f how t h i s o c c u r s must be s o u g h t . An e x p l a n a t i o n has been proposed 
w i t h r e f e r e n c e t o b o t t l e f e e d i n g , and r e q u i r e s e x a m i n a t i o n i n o r d e r t o see 
w h e t h e r i t can shed l i g h t upon t h e changes seen d u r i n g b r e a s t f e e d i n g . 
Suck ing and s w a l l o w i n g a r e n e c e s s a r i l y c l o s e l y l i n k e d , and t h e r e have 
been s e v e r a l s u g g e s t i o n s t h a t s w a l l o w i n g e x e r t s an i n f l u e n c e upon i n f a n t 
s u c k i n g r a t e s ( P e i p e r , 1963, p.^^S'l; Dubignon and Campbe l1 , 1969; W o l f f , 
1972 , 1 9 7 3 ) . Burke (1977) has made a d e t a i l e d e x a m i n a t i o n o f s w a l l o w i n g 
r a t e i n r e l a t i o n t o s u c k i n g r a t e . H is i n f a n t s r e c e i v e d f i x e d q u a n t i t i e s o f 
S% s u c r o s e s o l u t i o n per c r i t e r i o n suck and s w a l l o w i n g was d e t e c t e d w i t h 
a p i e z o - e l e c t r i c c r y s t a l w a f e r p o s i t i o n e d ove r t h e t h y r o i d c a r t i l a g e . 
The r a t i o s o f sucks t o s w a l l o w s were as f o l l o w s ; 
v o l . / s u c k , ml 0 0 .01 0.02 0 .0 ' t 
s u c k s / s w a l l o w 10 .8 2 . 7 2 . 6 1.9 
When t h e I S I ' s were d i v i d e d i n t o t h o s e a s s o c i a t e d w i t h , t h a t i s , 
i m m e d i a t e l y f o l l o w i n g , a s w a l l o w and t hose not a s s o c i a t e d w i t h a s w a l l o w , 
t h e f o r m e r were found on a v e r a g e t o be a p p r o x i m a t e l y 0.20 seconds l o n g e r 
t h a n t h e l a t t e r . 
Burke i n t e r p r e t s h i s r e s u l t s as showing t h a t t h e number o f swa l l ows 
accompany ing s u c k i n g i s a ma jo r d e t e r m i n a n t o f t h e l e n g t h e n i n g o f ISI w i t h 
i n c r e a s e d f l o w r a t e t h a t he and Crook (1976) have demons t ra ted w i t h b o t t l e 
f e e d i n g . Burke m a i n t a i n s t h a t changes f r om n o n - n u t r i t i v e s u c k i n g r a t e t o 
t h e s l o w e r r a t e s seen when l i q u i d i s i n t r o d u c e d can be accoun ted f o r by 
i n c r e a s e d s w a l l o w i n g combined w i t h an i n c r e a s e i n t h e a m p l i t u d e o f s u c k i n g 
( i . e . o f a n t e r i o r tongue p r e s s u r e ) r e s u l t i n g f r o m t h e i n t r o d u c t i o n o f 
f l u i d . The l a t t e r f i n d i n g i s a t t r i b u t e d t o Nowl is (1973) and Now l i s and 
Kessen ( 1 9 7 6 ) . However, t h e s e a u t h o r s d e m o n s t r a t e o n l y an i n c r e a s e i n t h e 
a m p l i t u d e o f a n t e r i o r tongue p r e s s u r e as a r e s u l t o f i n c r e a s i n g t he c o n c e n t r a t i o n 
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o f t h e sugar s o l u t i o n g i v e n , and do n o t p r e s e n t e q u i v a l e n t measures f o r no -
f l u i d s u c k i n g . In a d d i t i o n , B u r k e ' s s u g g e s t i o n assumes t h a t an i nc reased 
a m p l i t u d e o f a n t e r i o r tongue p r e s s u r e d i r e c t l y i n c r e a s e s I S I , bu t t h i s need 
n o t n e c e s s a r i l y be t h e case s i n c e t he speed o f the response c o u l d 1 ik^Wise 
Jnc rease , n e u t r a l i s I n g any tendency t o i n c r e a s e d I S I . 
There a r e s e v e r a l d i s s i m i l a r i t i e s between B u r k e ' s work and t h a t p r e s e n t e d 
h e r e . His work i s e n t i r e l y on b o t t l e f e e d i n g , u s i n g suc rose s o l u t i o n . 
Comparable s t u d i e s o f s w a l l o w i n g d u r i n g b r e a s t f e e d i n g have n o t been 
pub l i shed * ; 'I t c a n n o t be assunied t h a t wha t a p p l i e s t o one a u t o m a t i c a l l y 
a p p l i e s a l t o t h e o t h e r . The q u a n t i t i e s o f f l u i d r e c e i v e d by B u r k e ' s 
i n f a n t s a r e a l l a t one ex t reme o f . t h e range seen d u r i n g b r e a s t f e e d i n g . 
S ince q u a n t i t y i s c r i t i c a l i t s r o l e needs d e t a i l e d e x a m i n a t i o n . 
Burke gave h i s i n f a n t s q u a n t i t i e s o f f l u i d v a r y i n g f r om 6.01 t o O.Oh 
m l / s u c k , whereas d u r i n g b r e a s t f e e d i n g i n f a n t s have been obse rved t o r e c e i v e 
f r o m 0 t o O .A8g /suck , (Chap te r 5 ) . I t i s p o s s i b l e t h a t i n f l u e n c e s wh i ch 
p r e d o m i n a t e a t low f l o w r a t e s a r e usurpedtsby o t h e r s a t much h i g h e r f l o w s . 
For examp lev t he changes i n I S I ' s no t a s s o c i a t e d w i t h s w a l l o w i n g no ted by 
Burke a r e i n t h e same d i r e c t i o n as t h e changes i n o v e r a l l I S I , w h i c h he 
a t t r i b u t e s s o l e l y t o an i n c r e a s e i n s w a l l o w i n g . A l t h o u g h t he f o r m e r changes 
a r e sma l l and do n o t reach s i g n i f i c a n c e a t low f l o w r a t e s , i t i s p o s s i b l e t h a t 
t h i s l e s s e r e f f e c t c o n t i n u e s t o o p e r a t e as f l o w r a t e s i n c r e a s e t o t h e h i g h e r 
l e v e l s commonly seen d u r i n g b r e a s t f e e d i n g , and t h a t i t may even become t h e 
m a j o r i n f l u e n c e on s u c k i n g r a t e w h i l s t t h e e f f e c t o f the number o f swa l l ows 
reaches a c e i l i n g . T h i s c o n t e n t i o n i s s u p p o r t e d by t h e f a c t t h a t t he minimum 
number o f sucks pe r s w a l l o w obse rved by Burke: i s 1.9» and in a l i n e a r 
e x t r a p o l a t i o n o f t h e l i n e drawn f r o m the above d a t a in g r a p h i c a l f o r m the 
maximum r a t i o o f 1 s u c k / s w a l l o w in a b u r s t o f s u c k i n g i s reached even b e f o r e 
0 .1 m l / s u c k . T h i s does no t accoun t f o r the c o n t i n u e d i n c r e a s e i n ISI seen 
f a r beyond t h i s p o i n t d u r i n g b r e a s t f e e d i n g . 
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T h e r e appea rs t o be a d i f f e r e n c e between b r e a s t and b o t t l e f e e d i n g when 
t he amount o f f l u i d o b t a i n e d w i t h each suck approaches z e r o , as i n B u r k e ' s 
e x p e r i m e n t s . For e x a m p l e . Burke n o t e s a c o n s i d e r a b l e d i f f e r e n c e i n the mean 
IS I w i t h no f l u i d and 0 .02 m l / s u c k , 0 .68 and 0 .81 sec r e s p e c t i v e l y . 
On t h e o t h e r hand , w i t h b r e a s t f e e d i n g t h e r e i s no such l a r g e d i f f e r e n c e , 
o r j u m p , a t t h i s p o i n t ; a more g r a d u a l d e c l i n e i n mean IS I i s appa ren t t h r o u g h -
o u t t h e range o f f l o w r a t e s and t h e l i n e c u t s t h e a x i s where one m igh t a t 
f i r s t s i g h t e x p e c t , as can be seen f r om the c u m u l a t i v e g r a p h o f m i l k i n t a k e / 
suck a g a i n s t mean I S I , F i g u r e 6 . 2 . 
These a r e i n t e r e s t i n g d i f f e r e n c e s betweeen b r e a s t and b o t t l e f e e d i n g 
w h i c h c a s t s e r i o u s doub t upon t h e p o s s i b i l i t y o f e x p l a i n i n g t h e r e s u l t s 
r e p o r t e d he re a l o n g t h e l i n e s p roposed by Burke . 
A n o t h e r e x p l a n a t i o n o f how f l u i d vo lume c o u l d a f f e c t s u c k i n g r a t e i s 
t h a t t h e more m i l k t h e r e i s i n t h e t e a t formed f r om t h e n i p p l e and a r e o l a , 
t h e l o n g e r i t t a kes f o r t h e tongue t o " s t r i p " o r " m i l k " t h e t e a t as i t 
moves backwards i n t he mouth d u r i n g a s u c k . Th is e x p l a n a t i p n i s a t t r a c t i v e 
i n t h a t i t removes t h e need t o p o s t u l a t e a p r e c i s e v o l u m e - m o n i t o r i n g mechanism 
i n , f o r e x a m p l e , t he back o f t h e o r a l c a v i t y . I t wou ld no t n e c e s s a r i l y a p p l y 
t o b o t t l e f e e d i n g , nor wou ld i t n e c e s s a r i l y be i n n a t e . The baby c o u l d l e a r n 
t o max im ise m i l k i n t a k e i n t h i s way , as he can l e a r n t o m o d i f y h i s s u c k i n g 
r a t e so as t o hear more o f a nove l sound s t i m u l u s (E imas , 1 9 7 5 ) , o r t o b r i n g 
a m o t i o n p i c t u r e i n t o f o c u s ( K a l n i n s and B r u n e r , 1 9 7 3 ) . T h i s i n s t r u m e n t a l 
use o f s u c k i n g i s i m p r e s s i v e and i m p l i e s a l e v e l o f h i g h e r CNS i n v o l v e m e n t . 
I t must be remembered t h a t s u c k i n g i s one o f the most competent and w e l l -
d e v e l o p e d a c t i v i t i e s o f t h e young i n f a n t and one o f h i s e a r l i e s t p o i n t s o f 
c o n t a c t w i t h t h e o u t s i d e w o r l d . 
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One s h o u l d be c a r e f u l a lways t o v iew any a s p e c t o f an i n f a n t ' s 
b e h a v i o u r i n t he c o n t e x t o f h i s o v e r a l l deve lopment and h i s i n t e r a c t i o n s w i t h 
o t h e r p e o p l e , b e a r i n g i n mind t h e s o c i a l b a s i s f o r c o g n i t i v e deve lopmen t , 
l anguage a c q u i s i t i o n , e t c . , and assuming t h a t most p h y s i c a l o r b e h a v i o u r a l 
f e a t u r e s w h i c h a r i s e i n t h e c o u r s e o f e v o l u t i o n do no t do so w i t h o u t hav ing 
a d a p t i v e v a l u e . The Impo r t ance o f n o t i s o l a t i n g a p a r t i c u l a r b e h a v i o u r f r om 
i t s s o c i a l c o n t e x t and i m p l i c a t i o n s a p p l i e s e s p e c i a l l y t o such a c e n t r a l 
f e a t u r e o f t h e i n f a n t ' s b e h a v i o u r a l r e p e r t o i r e as s u c k i n g , t h i s b e i n g one o f 
t h e a c t i v i t i e s , i f no t t h e a c t i v i t y , a t w h i c h t h e young i n f a n t i s most 
c o m p e t e n t . 
A c o n v e n i e n t way o f l o o k i n g a t the s i t u a t i o n i s t o see n o - f l u i d o r 
n o n - n u t r i t i v e s u c k i n g as t h e " g r o u n d - s t a t e " or b a s i c o r g a n i z a t i o n o f s u c k i n g 
i n human I n f a n t s , s i n c e p r o g r e s s i v e changes in i n t r a - o r a l v a r i a b l e s m o d i f y 
I t t o p roduce a range o f " n u t r i t i v e " r h y t h m s . T h i s p a t t e r n o f s u c k i n g , t h e r e -
f o r e , w h i l s t v e r y s t a b l e i n I t s ( c e n t r a l l y d e t e r m i n e d ) o r g a n i z a t i o n , becomes 
m a l l e a b l e and f l e x i b l e once f l u i d i s p r e s e n t , and a who le v a r i e t y o f s u c k i n g 
r a t e s , a r rangemen ts o f b u r s t s and p a u s e s , and deg ress o f p o s i t i v e and 
n e g a t i v e p r e s s u r e e x e r t e d can t hen be e l i c i t e d . T h i s i s In a p p a r e n t c o n t r a s t 
t o o t h e r mammals, where s u c k i n g p a t t e r n s in response t o f l u i d and n o - f l u i d 
c o n d i t i o n s canno t be d i s t i n g u i s h e d (see Chapter 2 ) . T h i s s i n g l e p a t t e r n 
( w h i c h resembles human s u c k i n g when f l u i d i s f l o w i n g f a i r l y b r i s k l y ) I s t h e i r 
b a s i c o r " g r o u n d - s t a t e " p a t t e r n . I t can be sa i d t h a t f o r o t h e r s p e c i e s , the 
n o - f l u i d p a t t e r n I s no t m o d i f i e d by t he i n t r o d u c t i o n o f f l u i d . The 
o r i g i n a l q u e s t i o n I n t h e l i t e r a t u r e , o f why human I n f a n t s s h o u l d have two 
d i s t i n c t s u c k i n g p a t t e r n s whereas o t h e r mammals appear t o have o n l y o n e , 
has now become t h a t o f why human s u c k i n g has so many s u c k i n g p a t t e r n s i . e . 
why t h e i r s u c k i n g b e h a v i o u r i s so m a l l e a b l e . 
L o o k i n g a t i t f r om a n o t h e r a n g l e , humans sha re a common s u c k i n g p a t t e r n 
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w i t h o t h e r s p e c i e s a t modera te t o h i g h m i l k f l o w s . When t h e m i l k supp l y 
i s c u t o f f , e i t h e r t h e i n f a n t s : (a ) c o n t i n u e w i t h t he same s u c k i n g p a t t e r n ; 
( b ) . s h o w a c o m p l e t e l y d i s r u p t e d s u c k i n g p a t t e r n ; o r ( c ) come o f f the t e a t . 
On ly human i n f a n t s c o n t i n u e t o suck w i t h a m o d i f i e d , b u t s t a b l e , p a t t e r n . Graded 
s u c k i n g p a t t e r n s t h e r e f o r e appear as an a d a p t a t i o n t o low o r v e r y low m i l k 
f l o w s . T h i s c o u l d have e v o l v e d t o e n a b l e the baby t o suck f o r l e n g t h y p e r i o d s 
w i t h o u t r e c e i v i n g m i l k , w h i c h c o u l d sugges t a n o t h e r ( n o n - n u t r i t i o n a l ) f u n c t i o n 
o f s u c k i n g , p o s s i b l y t h a t o f s o c i a l i n t e r a c t i o n as expounded by Kaye ( 1 9 7 7 ) . 
The n a t u r e o f a t y p i c a l f e e d I m p l i c i t in t h i s t h e s i s i s , i t must be 
remembered, a t y p i c a l f e e d i n t h e con tempora ry Wes t , wh i ch n a t u r a l l y has i t s 
own p a r t i c u l a r c u s t o m s . B l u r t o n Jones (1972) p r o v i d e s a v a r i e t y o f l i n e s o f 
e v i d e n c e w h i c h t e n d t o s u g g e s t t h a t t h i s i s t y p i c a l n e i t h e r f r o m a 
g e o g r a p h i c a l n o r a h i s t o r i c a l v i e w p o i n t , bu t r a t h e r t h a t more c h a r a c t e r i s t i c 
o f o u r s p e c i e s i s t h e p a t t e r n whereby mothers c u s t o m a r i l y c a r r y t h e i r i n f a n t s 
o r keep them c l o s e by f o r much o f t h e t i m e . The bab ies a r e f ed f r e q u e n t l y , 
pe rhaps more t h a n once an h o u r , d u r i n g d a y t i m e . Under t hese c i r c u m s t a n c e s , 
w h i c h p r o b a b l y p r e v a i l e d d u r i n g t h e p e r i o d o f t he e v o l u t i o n o f the s u c k i n g 
b e h a v i o u r under c o n s i d e r a t i o n and w h i c h must t h e r e f o r e by c o n s i d e r e d i n 
any a t t e m p t t o e x p l a i n t h e m , t h e m i l k i n t h e b r e a s t s wou ld r a r e l y b u i l d up 
t o t h e q u a n t i t i e s common t o d a y and t h e i n f a n t s wou ld t h e r e f o r e suck m o s t l y 
w i t h f a i r l y low r a t e s o f m i l k f l o w o r even w i t h o u t r e c e i v i n g m i l k . T h i s a g a i n 
p o i n t s t o t h e o r g a n i s a t i o n o f human s u c k i n g hav ing e v o l v e d as an adap-
t a t i o n t o s u c k i n g w h i l s t r e c e i v i n g l i t t l e m i l k . 
B l u r t o n Jones a l s o s u g g e s t s t h a t t h e un iqueness o f human n o - f l u i d suckiVig 
r e s u l t s f r o m t h e supposed d i f f i c u l t y o f r e t a i n i n g t h e r e l a t i v e l y s h o r t 
human n i p p l e i n t h e m o u t h , p o s s i b l y r e l a t e d to the unusual shape o f t he 
human b r e a s t (see Chap te r 2 ) . In t h i s c a ^ e , one wou ld imagine t h a t a much 
s i m p l e r s o l u t i o n w o u l d have been f o r human mothers t o e v o l v e l o n g e r n i p p l e s , 
comparab le t o c e r t a i n o t h e r p r i m a t e s . 
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However , t h e r e Is a p o s s i b l e c o n n e c t i o n here w i t h t h e e x p l a n a t i o n o f 
d i f f e r i n g s u c k i n g r a t e s w h i c h r e l a t e s t o the " m i l k i n g " o f t he t e a t 
d u r i n g b r e a s t f e e d i n g . The " m i l k i n g " mechanism c o u l d l ead t o v a r i a b l e i n t e r -
suck i n t e r v a l s i n humans b u t n o t i n o t h e r i n f a n t s as a r e s u l t o f the n e c e s s i t y 
o f a c t i v e l y m a i n t a i n i n g t h e shape o f the t e a t , c r e a t e d f r o m the n i p p l e and 
a r e o l a In humans. In t h i s c a s e , v a r i a b l e s u c k i n g r a t e s wou ld be seen as 
a s i d e - e f f e c t o r a b y p r o d u c t o f a n o t h e r deve lopmen t , and t h e r e wou ld be 
no need t o ask "why d i d t h e y e v o l v e ? " 
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CHAPTER 8 
SUCKING IN RESPONSE TO DIFFERING MILK FLOW RATES 
DURING BOTTLE FEEDING 
8 . 1 . I n t r o d u c t i o n 
In the p r e v i o u s e x p e r i m e n t s changes i n s u c k i n g r a t e s a s s o c i a t e d w i t h 
d i f f e r i n g r a t e s o f m i l k f l o w d u r i n g b r e a s t f e e d i n g were d e s c r i b e d . Suck ing 
p a r a m e t e r s a r e c o r r e l a t e d w i t h m i l k f l o w r a t e and a re s i g n i f i c a n t l y d i f f e r e n t 
w i t h d i f f e r i n g m i l k f l o w r a t e s a t comparab le s tages i n t he f e e d . They change 
i n t h e p r e d i c t e d d i r e c t i o n as m i l k y i e l d i n c r e a s e s d u r i n g r e l a c t a t i o n . The 
c o r r e l a t i o n s between m i l k f l o w and s u c k i n g p a t t e r n s a re s t r o n g , and i t seems 
l i k e l y t h a t t h e m i l k d e t e r m i n e s t h e s u c k i n g r a t h e r than t he o t h e r way r o u n d . 
The e x p e r i m e n t r e p o r t e d i n t h i s c h a p t e r was c a r r i e d ou t i n o r d e r t o 
see w h e t h e r m i l k f l o w indeed d e t e r m i n e s s u c k i n g d u r i n g b o t t l e f e e d i n g , and 
w h e t h e r t h e a s s o c i a t i o n s r e f e r r e d t o above occur o v e r a b road range o f 
f l o w r a t e s comparab le t o t hose commonly seen d u r i n g b r e a s t f e e d i n g . I n -
d i c a t i o n s t h a t s u c k i n g i s d e t e r m i n e d by f l o w ra te a t low r a t e s o f f l o w ( 0 . 0 1 -
0 .Oit m l / s u c k ) come f rom Kaye ( 1 9 7 2 ) , Crook (1976) and Burke ( 1 9 7 7 ) . 
B o t t l e f e e d i n g w i t h s u i t a b l y m o d i f i e d appa ra tus g i v e s t he e x p e r i m e n t e r 
t h e advan tage o f p r e c i s e c o n t r o l ove r t h e q u a n t i t y o f m i l k t h e baby r e c e i v e s 
w i t h each s u c k . I t a l s o ensu res t h a t the baby r e c e i v e s m i l k o f a c o n s t a n t 
c o m p o s i t i o n t h r o u g h o u t t h e f e e d . T h i s i s i m p o r t a n t s i n c e a m a j o r c o n f o u n d i n g 
f a c t o r i n the s t u d y o f t h e e f f e c t o f chang ing m i l k f l o w r a t e d u r i n g b r e a s t 
f e e d i n g i s t h e i n e v i t a b l e c o n c u r r e n t change i n m i l k c o m p o s i t i o n . 
8 . 2 . Appa ra tus 
Methods o f d i r e c t l y r e c o r d i n g s u c k i n g w h i l e the i n f a n t r e c e i v e s f l u i d 
t h r o u g h a t e a t have been d e s c r i b e d i n Chap te r 2 . The method used i n t h i s 
e x p e r i m e n t i s based on t h a t deve loped by K r o n , S t e i n and Goddard (1963) and 
S a m e r o f f ( 1 9 6 5 ) . As t h e baby sucks on the m o d i f i e d t e a t , t he p o s i t i v e 
( e x p r e s s i o n ) p r e s s u r e caused by t h e s q u e e z i n g o f t h e n i p p l e and t he n e g a t i v e 
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( s u c t i o n ) p r e s s u r e a r e t r a n s m i t t e d by f i n e p o l y e t h y l e n e t ubes t o p r e s s u r e 
t r a n s d u c e r s . The r e s u l t i n g s i g n a l s a re used t o t r i g g e r f l u i d d e l i v e r y i n t o 
t he b a b y ' s mouth and can be c h a r t e d by a p o l y g r a p h o r , as i n t h i s case , 
r eco rded on an FM d i r e c t t a p e - r e c o r d e r . The a p p a r a t u s i s r e p r e s e n t e d i n 
d i a g r a m m a t i c fo rm i n F i g u r e 8 . 1 . 
The t e a t s used were Boots rubbe r t e a t s . The e x i s t i n g h o l e was 
e n l a r g e d and a n o t h e r one made, and t h r o u g h these were passed t h e m i l k 
d e l i v e r y t u b e and t h e n e g a t i v e p r e s s u r e t u b e , b o t h made o f r u b b e r , i n t e r n a l 
d i a m e t e r 1mm, c u t f l u s h w i t h t h e s u r f a c e o f t h e t i p o f t he t e a t . A new 
t e a t and t ubes were used f o r each s e s s i o n , s t e r i l i z e d by immers ion I n M i l t o n ' s 
s o l u t i o n f o r t h e p r e c e d i n g 24 h o u r s . A t h i r d t u b e , made o f p o l y e t h y l e n e , 
i n t e r n a l d i a m e t e r 1.5mm, was a t t a c h e d t o t h e s e a l i n g d i s c o f t he c o l l a r 
o f t h e f e e d i n g b o t t l e and p o s i t i v e p r e s s u r e a p p l i e d t o t he n i p p l e was 
t r a n s m i t t e d t h r o u g h i t . i 
The p o s i t i v e and t h e n e g a t i v e tubes were connec ted t o p r e s s u r e t r a n s d u c e r s 
( N a t i o n a l Sem iconduc to r f l u i d - f i l l e d t r a n s d u c e r , model LXI601GF, p r e s s u r e 
range ~5 t o +5 I b / s q i n , f o r w h i c h i t g i v e s a range o f o u t p u t o f 10 v o l t s ) 
w h i c h c o n v e r t e d changes i n p r e s s u r e as a r e s u l t o f t h e b a b y ' s s u c k i n g i n t o 
s i m p l i f i e d a n a l o g e l e c t r i c a l s i g n a l s . Only the n e g a t i v e s i g n a l was used t o 
a c t i v a t e a Schmid t t r i g g e r , w h i c h caused a p e r i s t a l t i c m e t e r i n g pump 
( W a t s o n - M a r l o w , MHRE/2G0) t o o p e r a t e f o r 0 .50 seconds ; t he speed o f 
r e v o l u t i o n o f i t s r o t o r d e t e r m i n e s t he amount o f f l u i d t he baby r e c e i v e s . 
The pump was t r i g g e r e d each t i m e a s i g n a l was r e c e i v e d so the baby r e c e i v e d 
a f i x e d q u a n t i t y o f l i q u i d each t ime he s u c k e d . A d i g i t a l s i g n a l o f l e n g t h 
265msec was t r a n s m i t t e d by t he Schmidt t r i g g e r t o a channel o f the 4 -channe l 
FM tape r e c o r d e r (Ampex SP300) , so the s u c k i n g r e c o r d compr ises a l l those 
sucks as a r e s u l t o f w h i c h t h e baby r e c e i v e d f l u i d . 
The m i l k used was SMA Gold Cap r e a d y - p r e p a r e d f o r m u l a i n lOOg b o t t l e s ; 
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^'i'a^re 8 . 1 . B o t t l e f e e d i n g c p p a r a t u s 
65 K c a l s / l O O m l . I m m e d i a t e l y b e f o r e t h e f e e d , t h e l i d o f t h e m i l k b o t t l e 
was r e p l a c e d by a s t e r i l i z e d l i d f r o m a n o t h e r s i m i l a r b o t t l e t h r o u g h w h i c h a 
r u b b e r r i n g had b e e n i n s e r t e d . A g l a s s t u b e p a s s e d t h r o u g h t h e r i n g t o 
c o n n e c t t h e mi I k s u p p l y t o t h e t u b i n g o f t h e p e r i s t a l t i c p u m p . T h i s s i l i c o n e 
r u b b e r t u b i n g had e s p e c i a l l y t h i c k e l a s t i c w a l I s , i n t e r n a l d i a m e t e r 1.6mm, 
e x t e r n a l d i a m e t e r 4 . 8 m m , t o w i t h s t a n d t h e p r e s s u r e o f t h e p u m p . The m i l k 
w a s d r i v e n by t h e r e v o l v i n g r o t o r o f t h e pump, r e a c h i n g t h e f e e d i n g b o t t l e 
v i a f i n e r u b b e r t u b i n g w h i c h p a s s e d t h r o u g h t h e h e a t e r i n t h e b o t t l e and 
o p e n e d o u t a t t h e t i p o f t h e t e a t . 
T h e h e a t e r was a t h i c k a l u m i n i u m s h e a t h s u r r o u n d i n g a h e a t i n g e l e m e n t 
c o n n e c t e d t o a V a r i a c t r a n s f o r m e r . T h e v o l t a g e was a d j u s t e d s u c h t h a t t h e 
t e m p e r a t u r e o f t h e m i l k r e a c h i n g t h e b a b y was as c l o s e as p o s s i b l e t o b l o o d 
h e a t ( 3 6 ° C ) , t h e a p p r o x i m a t e t e m p e r a t u r e a t w h i c h m i l k i s n o r m a l l y g i v e n t o 
i n f a n t s . T h e r e m i g h t be some v a r i a t i o n i n t h e t e m p e r a t u r e o f t h e m i l k r e a c h i n g 
t h e b a b y ' s m o u t h as t h e r a t e o f m i l k f l o w i s c h a n g e d , b u t H y t t e n ( 1 9 5 1 ) a n d 
E l d e r ( 1 9 7 0 ) h a v e s h o w n t h a t e v e n q u i t e l a r g e v a r i a t i o n s i n m i l k t e m p e r a t u r e , 
f o r e x a m p l e b e t w e e n 2 0 ° a n d 4 0 ° C , h a v e no s i g n i f i c a n t e f f e c t o n s u c k i n g 
b e h a v i o u r . 
8 . 3 . S u b j e c t s 
M o t h e r s a n d t h e i r b o t t l e f e d i n f a n t s w e r e c o n t a c t e d t h r o u g h a G . P . ' s 
w e l l - b a b y c l i n i c . P r o v i d e d t h e m o t h e r s w e r e a m e n a b l e , t h e b a b i e s w e r e t h e n 
c h o s e n on t h e b a s i s t h a t t h e y w e r e h e a l t h y and a l r e a d y b e i n g f e d on SMA 
G o l d Cap f o r m u l a , s i n c e t h e G . P . a d v i s e d a g a i n s t c h a n g i n g t h e b a b y ' s m i l k 
u n n e c e s s a r i l y . A n o t h e r a d v a n t a g e o f g i v i n g t h e same m i l k , a l b e i t u n -
a v o i d a b l y p r e p a r e d i n a d i f f e r e n t w a y , i s t o m i n i m i z e t h e b a b y ' s need t o 
a d j u s t t o a new t a s t e , w h i c h c o u l d t e m p o r a r i l y d i s r u p t h i s s u c k i n g b e h a v i o u r . 
S i x b a b i e s w e r e s e l e c t e d o n t h i s b a s i s . 
M o t h e r a n d b a b y w e r e b r o u g h t t o t h e n u r s e r y s o o n b e f o r e t h e t i m e o f an 
e x p e c t e d f e e d , a n d t h e p r o c e d u r e was e x p l a i n e d t o t h e m o t h e r . E a c h 
b a b y s u c k e d f o r 2 i m i n u t e s a t e a c h o f t h e t h r e e f l o w r a t e s , a n d t h e y 
w e r e a s s i g n e d t o o n e o f s i x g r o u p s i n w h i c h t h e o r d e r o f t h e f l o w r a t e s 
was v a r i e d s y s t e m a t i c a l l y t o g i v e a l l p o s s i b l e o r d e r s . D e t a i l s o f b a b i e s 
a n d t r e a t m e n t s a r e g i v e n i n T a b l e 8 . 1 . 
The t h r e e f l o w r a t e s g i v e n w e r e 0 . 0 8 , 0 . 1 6 and 0 . 2 ^ m l / s u c k . T h e s e 
q u a n t i t i e s w e r e c h o s e n o n t h e b a s i s o f d a t a r e p o r t e d i n C h a p t e r 5 . They 
a r e w i t h i n t h e n o r m a l r a n g e o f v a l u e s o b t a i n e d d u r i n g f e e d i n g on t h e 
b r e a s t , w h e r e s i g n i f i c a n t d i f f e r e n c e s i n s u c k i n g m e a s u r e s a r e a s s o c i a t e d 
w i t h t h e m . A l t h o u g h t h e i n t a k e o f m i l k p e r s u c k d u r i n g b r e a s t f e e d i n g 
was e s t i m a t e d by i t s w e i g h t a n d i s h e r e m e a s u r e d by v o l u m e , t h i s 
i s n o t l i k e l y t o l e a d t o d i s c r e p a n c i e s ( s e e S e c t i o n 5 . 1 ) . 
TABLE 8 . 1 
S u b j e c t s P a r i t y o f Age o f b a b y i n T r i a l s 
m o t h e r d a y s a t t i m e o f ( o r d e r o f f l o w 
s e s s i on r a t e s ! " 
1 2 3 
Ms D. a n d L o u i s e 1 9 9 0 . 0 8 0 . 1 6 0.2^4 
Ms T . and J o n a t h a n 2 138 0 . 0 8 0 . 2 4 0 . 1 6 
Ms C. and A n t h o n y 2 66 0 . 1 6 0 . 0 8 0 . 2 k 
Ms F. and C a t h e r i n e 2 61 0 . 1 6 0 . Z k 0 . 0 8 
Ms W. and S u z a n n e 1 55 0 .2 i» 0 . 0 8 0 . 1 6 
Ms C. and A l a s t a i r 1 51 0 . 2 k 0 . 1 6 0 . 0 8 
T h e b u l k o f t h e e q u i p m e n t was h i d d e n b e h i n d a s c r e e n , t h r o u g h w h i c h 
p a s s e d c o n n e c t i n g t u b e s t o t h e b o t t l e . The m o d i f i e d b o t t l e was i n e v e r y 
c a s e a c c e p t a b l e t o t h e m o t h e r ; i t s w e i g h t i s s i m i l a r t o t h a t o f a f u l l 
b o t t l e o f m i l k f o r m u l a . 
T h e i n f a n t s w e r e f e d as s o o n as t h e y a p p e a r e d h u n g r y t o t h e m o t h e r . 
I m m e d i a t e l y t h e b o t t l e was p u t i n t h e b a b y ' s m o u t h t h e t r i g g e r l e v e l was 
z e r o e d b e f o r e t h e t r i a l s b e g a n . 
The b a b y ' s g o i n g on a n d o f f t h e b o t t l e was s i g n a l l e d v e r b a l l y u s i n g 
a n o t h e r c h a n n e l o f t h e FM t a p e r e c o r d e r . T h i s w a s a l s o used f o r r e c o r d i n g 
]k2 
d e t a i l s o f t h e t r i a l a b o u t t o t a k e p l a c e f o r s u b s e q u e n t i d e n t i f i c a t i o n o f 
t h e b l o c k s o f s i g n a l s on t h e t a p e . A f t e r t h e e x p e r i m e n t a l p e r i o d t h e i n f a n t s 
e i t h e r c o m p l e t e d t h e i r f e e d w i t h m i l k f r o m t h e a p p a r a t u s o r f e d f r o m a 
r e a d y - p r e p a r e d b o t t l e t h e m o t h e r h a d b r o u g h t w i t h h e r . 
8 . 5 . A n a l y s i s a n d r e s u l t s 
T h e d a t a w e r e f i r s t t r a n s f e r r e d f r o m t h e FM t a p e r e c o r d e r t o c o m p u t e r 
d i s c by means o f a p r o g r a m m e w h i c h r e c e i v e d as i t s i n p u t t h e s i g n a l s f r o m 
t h e FM t a p e a n d s t o r e d a n d p r i n t e d o u t t h e I S I ' s i n c e n t i s e c o n d s . As t h e 
t a p e was p l a y e d , t h e v e r b a l r e c o r d o f t h e t i m e s a t w h i c h t h e b a b y w e n t 
o n a n d o f f t h e b o t t l e w e r e u s e d t o p r e s s a key t o i n d i c a t e t h e s e e v e n t s . 
A l o g s u r v i v o r p l o t was d r a w n up f r o m t h e c o l l e c t i v e d a t a ( F i g u r e 8 . 2 ) . 
T h e s u r v i v o r f u n c t i o n i s b r o a d l y s i m i l a r i n s h a p e t o t h a t o b t a i n e d f r o m 
b a b i e s f e e d i n g o n t h e b r e a s t . T h e r e a r e t w o d i s t r i b u t i o n s r e p r e s e n t e d by 
s t r a i g h t l i n e s , one e x t e n d i n g f r o m a p p r o x i m a t e l y 0 . 5 t o 1.1 s e c o n d s , t h e 
o t h e r made up o f l o n g e r i n t e r v a l s . T h e p o i n t o f i n t e r s e c t i o n b e t w e e n t h e 
t w o d i s t r i b u t i o n s w a s d e t e r m i n e d i n t h e m a n n e r d e s c r i b e d i n C h a p t e r 3 , 
u s i n g t h e m e t h o d o f l e a s t s q u a r e s . T h e t w o d i s t r i b u t i o n s c r o s s a t p o i n t 
( x , y ) t h e r e f o r e by s i m u l t a n e o u s l y s o l v i n g t h e t w o e q u a t i o n s y^ = m^ X| + c^ 
a n d y ^ = m ^ x ^ + b o t h f o r x on y a n d y o n x , t w o v a l u e s f o r t h i s p o i n t 
a r e o b t a i n e d ' . 
( 1 ) ] k ] c e n t i s e c o n d s 
( 2 ) 137 c e n t i s e c o n d s 
Mean = 139 c e n t i s e c o n d s = 1 .4 s e c o n d s 
T h e d i s t r i b u t i o n s o f i n t e r - s u c k i n t e r v a l s a n d o f p a u s e s s h o w n by i n f a n t s 
f e e d i n g o n t h i s a p p a r a t u s show a s i m i l a r p a t t e r n t o t h a t s e e n on t h e b r e a s t , 
h o w e v e r t h e c u t - o f f p o i n t b e t w e e n t h e m i s d i s p l a c e d by 0 . 1 s e c o n d s . 
F i g u r e s 8 . 3 " 8 . 7 g i v e , f o r t h e t h r e e f l o w r a t e s , t h e mean v a l u e s o f 
I S I , p a u s e l e n g t h , b u r s t l e n g t h , n o . s u c k s / b u r s t a n d % p a u s i n g t i m e , 
c a l c u l a t e d u s i n g t h e a p p r o p r i a t e c u t - o f f p o i n t o f 1.4 s e c o n d s . 
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0 0 8 016 0-24 
ANOVAR, df = 2 ,10 , F = 0-52 N.S. 
F i g u r e 8 . 3 . ?1ean 131 w i t h i n c r e a s i n g i n t a k e / s u c k 
1^5 
0-16 0-24 
^2,10, F-0-80 N.S. 
F i g u r e 8.k. M e a n _ E a L ^ s e J e ^ w i t h i n c r e a s ing i n t a k e / s u c k 
] k e 
UJ 
0-08 0-16 0-24 
A N O V A R d f = 2,10, F=3-41 N.S. 
F i g u r e 8 . 5 . Mean b u r o t ^ e n ^ t h w i t h i n c r e a s i r r i n t a k e / s u e ! ; 
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A N O V A R d f = 2 ,10 , F = 3 - 2 7 
0-24 
N.S. 





2,10, F= l -B l , N.S. 
F i g u r e 8 . 7 . | _ ^ i J l i n ^ ^ t u p e w i t h i n t a k e / s u c ! . ' 
] k S 
T h e s u c k i n g p a t t e r n s w e r e c o m p a r e d w i t h a n a l y s i s o f v a r i a n c e . No 
s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e t h r e e f l o w r a t e s i n any 
c a s e ( s e e f i g u r e s ) . 
8 . 6 . P i s c u s s i o n 
T h e r e a r e no s i g n i f i c a n t d i f f e r e n c e s i n mean I S l , p a u s e l e n g t h , b u r s t 
l e n g t h , n o . s u c k s / b u r s t o r % p a u s i n g t i m e b e t w e e n t h e t h r e e c o n d i t i o n s 
i n t h i s e x p e r i m e n t . The c o r r e l a t i o n f o u n d d u r i n g b r e a s t f e e d i n g b e t w e e n 
s u c k i n g m e a s u r e s a n d t h e r a t e o f m i l k i n t a k e was n o t t h e r e f o r e f o u n d i n 
b o t t l e f e e d i n g . P o s s i b l e e x p l a n a t i o n s f o r t h i s a r e : 
( 1 ) The i n f e r e n c e f r o m t h e d a t a g a t h e r e d s o f a r , m a i n l y f r o m b r e a s t 
f e e d i n g , may be w r o n g , and m i l k f l o w r a t e n o t i n f a c t t h e m a i n d e t e r m i n a n t 
o f s u c k i n g p a t t e r n . W i t h r e f e r e n c e t o t h e d i s c u s s i o n i n C h a p t e r 7 o f t h e 
f a c t o r s w h i c h c o u l d i n f l u e n c e s u c k i n g p a t t e r n , t h e o t h e r m o s t l i k e l y a g e n t 
i s m i l k c o m p o s i t i o n . S i n c e t h e c o m p o s i t i o n o f m i l k r e c e i v e d by t h e b a b y 
i n t h i s e x p e r i m e n t was t h e same t h r o u g h o u t e a c h s e s s i o n one w o u l d n o t e x p e c t 
s u c k i n g p a t t e r n s t o c h a n g e e i t h e r i f m i l k c o m p o s i t i o n d e t e r m i n e s s u c k i n g . 
( 2 ) T h e m e t h o d by w h i c h f l o w r a t e c h a n g e s s u c k i n g p a t t e r n s may n o t be 
s t i m u l a t e d p r o p e r l y i n t h i s b o t t l e f e e d i n g e x p e r i m e n t . T h i s m i g h t be t h e 
c a s e i f , f o r e x a m p l e , t h e m e c h a n i s m o f s u c h an e f f e c t i n v o l v e s t h e 
" s t r i p p i n g " o r " m i l k i n g " o f t h e t e a t f r o m t h e b a s e t o t h e t i p by t h e t o n g u e , 
a n a c t i o n w h i c h t a k e s l o n g e r , t h e m o r e m i l k i s h e l d i n t h e t e a t ( s e e 
s e c t i o n 7 . k ) . 
I t i s v e r y d i f f i c u l t t o s a y w h i c h o f t h e s e e x p l a n a t i o n s i s t h e m o r e 
p r o b a b l e . I am i n c l i n e d t o w a r d s t h e s e c o n d , b u t c l e a r l y p r o p e r i n v e s t i g a t i o n 
o f t h i s p p i n t i s n e e d e d . 
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CHAPTER 9 
SUMMARY AND CONCLUSIONS 
A p i c t u r e e m e r g e s a s a r e s u l t o f t h e e x p e r i m e n t a l w o r k p r e s e n t e d i n t h i s 
t h e s i s o f s u c k i n g p a t t e r n s d u r i n g n a t u r a l b r e a s t f e e d i n g a n d o f t h e way i n w h i c h 
t h e y c h a n g e t h r o u g h t h e c o u r s e o f a f e e d . 
D u r i n g s u c k i n g , i n t e r v a l s b e t w e e n s u c k s f a l l i n t o t w o d i s t i n c t 
d i s t r i b u t i o n s , o f s h o r t w i t h i n - b u r s t i n t e r - s u c k i n t e r v a l s a n d l o n g e r p a u s e s 
b e t w e e n b o u t s o f s u c k i n g . T h i s i s t h e f i r s t c l e a r d e m o n s t r a t i o n o f t w o 
p o p u l a t i o n s o f i n t e r - s u c k i n t e r v a l s , and t h e c u t - o f f p o i n t ( a t 1 .3 s e c o n d s ) 
p r o v i d e s a n o b j e c t i v e s t a t i s t i c a l c r i t e r i o n f o r d i s t i n g u i s h i n g b e t w e e n t h e m . 
D u r i n g b r e a s t f e e d i n g , s u c k i n g v a r i e s c o n s i d e r a b l y i n r a t e a n d i n t h e 
p r o p o r t i o n o f t i m e s p e n t p a u s i n g . P a u s i n g i s a l w a y s a f e a t u r e o f s u c k i n g on 
t h e b r e a s t . T h e d i v i s i o n o f s u c k i n g i n t o t w o m o d e s , t h e n u t r i t i v e ( s l o w 
s u c k i n g w i t h l i t t l e p a u s i n g ) a n d t h e n o n - n u t r i t i v e ( f a s t s u c k i n g w i t h f r e q u e n t 
p a u s i n g ) i s n o t u p h e l d ; t h e s e a r e , r a t h e r , t h e e x t r e m e s o f a c o n t i n u u m . I t 
i s l i k e l y t h a t much o f t h e e a r l i e r w o r k l o o k e d s i m p l y a t t h e t w o e x t r e m e s , i . e . 
a t t h e n o - f l u i d c o n d i t i o n a n d a t r e l a t i v e l y f a s t f l u i d f l o w s . 
On t h e f i r s t b r e a s t t h e b a b y ' s s u c k i n g r a t e f i r s t shows a p r o n o u n c e d 
d e c r e a s e , p e r h a p s a s mi I k a v a l l a b i 1 i t y a t t a i n s i t s max imum a s a r e s u l t o f m i l k 
e j e c t i o n . S u b s e q u e n t l y , a s a v a i l a b i l i t y d e c l i n e s , t h e s u c k i n g r a t e I n c r e a s e s 
a n d t h e b a b y s p e n d s m o r e t i m e p a u s i n g . On t h e s e c o n d b r e a s t , a s c o m p a r e d 
w i t h t h e f i r s t , m o r e t i m e i s s p e n t p a u s i n g and t h e mean s u c k i n g r a t e i s f a s t e r 
( i . e . mean I S ! d e c r e a s e s ) . V a r i o u s p o s s i b l e e x p l a n a t i o n s f o r t h e s e g r a d a t i o n s 
i n s u c k i n g p a r a m e t e r s d u r i n g .a f e e d a r e e x a m i n e d . 
M i l k i n t a k e / s u c k d e c r e a s e s t h r o u g h t h e f e e d . I t i s c o r r e l a t e d w i t h 
s u c k i n g r a t e , and a s t h e m i l k t a k e n w i t h e a c h s u c k d e c r e a s e s , s o a l s o d o e s 
t h e p r o b a b i 1 i t y t h a t t h e i n f a n t w i l l be s u c k i n g a t t h a t t i m e . 
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T h e p o s s i b i l i t y w a s i n v e s t i g a t e d o f a s s e s s i n g t h e o c c u r r e n c e o f m i l k 
e j e c t i o n d u r i n g b r e a s t f e e d i n g i n a n o n - i n t r u s i v e way by o b s e r v i n g t h e b a b y ' s 
s u c k i n g r a t e a s m i l k became a v a i l a b l e . 
A l t h o u g h a h i g h l y s i g n i f i c a n t d e c r e a s e i n mean I S l was f o u n d b e t w e e n t h e 
f i r s t a n d t h e s e c o n d 3 0 - s e c o n d p e r i o d s o f a b r e a s t f e e d w h i c h i s m o s t p r o b a b l y 
a r e s u l t o f t h e s u d d e n f l o w o f m i l k d u e t o m i l k e j e c t i o n , t h e c h a n g e i n I S I 
i s n o t s u f f i c i e n t l y s h a r p l y d e f i n e d t o p i n - p o i n t t h e p r e c i s e moment o f m i l k 
e j e c t i o n . F o r t h i s , a d e v i c e s u c h a s t h a t o f F r i e d m a n ( I 9 6 6 ) , w h i c h r e c o r d s 
i n t r a - m a m m a r y p r e s s u r e v i a a w a t e r - f i l l e d a d a p t o r h e l d o v e r t h e n i p p l e by a 
s u c t i o n c u p , r e m a i n s e s s e n t i a l . H o w e v e r , t h e e s t i m a t i o n o f s u c k i n g r a t e 
o v e r p e r i o d s o f h a l f t o o n e m i n u t e w o u l d a p p e a r t o p r o v i d e a g o o d i n c l a t i o n 
o f w h e t h e r o r n o t m i l k e j e c t i o n h a s o c c u r r e d . T h i s may be m o r e so f o r o l d e r 
t h a n f o r y o u n g e r i n f a n t s , s i n c e i n t h e o l d e r o n e s t h e r e i s p r e s u m a b l y a 
f a r g r e a t e r c o n t r a s t b e t w e e n m i l k f l o w b e f o r e a n d a f t e r m i l k e j e c t i o n a s t h e 
v o l u m e s o f m i l k i n v o l v e d a r e g r e a t e r . 
S u c k i n g p a t t e r n s i n r e s p o n s e t o d i f f e r i n g f l o w r a t e s c o m p a r a b l e t o t h o s e 
c o m m o n l y s e e n d u r i n g b r e a s t f e e d i n g w e r e e x a m i n e d u s i n g m o d i f i e d b o t t l e f e e d -
i n g e q u i p m e n t . No c o n s i s t e n t p a t t e r n e m e r g e d w i t h t h e t h r e e f l o w r a t e s u s e d . 
T h i s i s t h e f i r s t s t u d y o f s u c k i n g on a b o t t l e w i t h r e c o r d e d h i g h f l o w r a t e s . 
I t i s d i f f i c u l t t o r e c o n c i l e t h e r e s u l t s w i t h d a t a o b t a i n e d f r o m b r e a s t 
f e e d i n g w i t h o u t s u g g e s t i n g t h a t t h e m e c h a n i s m s o p e r a t i n g i n b r e a s t a n d b o t t l e 
f e e d i n g a r e d i f f e r e n t i n some r e s p e c t s a n d c a n n o t p r o p e r l y be c o m p a r e d . F o r 
e x a m p l e , i f on t h e b r e a s t mean I S ! v a r i e s as a r e s u l t o f t h e g r e a t e r t i m e t a k e n 
by t h e t o n g u e t o " s t r i p " t h e t e a t when i t i s f u l l o f m i l k , t h e r e i s no r e a s o n 
why t h i s s h o u l d a l s o o c c u r d u r i n g b o t t l e f e e d i n g . 
On t h e o t h e r h a n d , t h e r e i s a r e a l p o s s i b l i t y t h a t c o m p o s i t i o n , n o t 
m i l k f l o w r a t e , d e t e r m i n e s s u c k i n g p a t t e r n s . The b o t t l e f e e d i n g e x p e r i m e n t 
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n e e d s t o be r e p e a t e d w i t h l a r g e r n u m b e r s o f i n f a n t s a n d t h e n w i t h m i l k s 
w i t h v a r y i n g p r o p o r t i o n s o f f a t . I t m u s t h o w e v e r be r e c a l l e d t h a t C h a n , 
P o l l i t t a n d L e i b e l ( 1 9 7 9 ) , i n s t u d i e s o f t h i s k i n d i n v o l v i n g much s m a l l e r 
q u a n t i t i e s o f f l u i d , f o u n d n o s u c h e f f e c t i n b o t t l e f e d b a b i e s ( s e e S e c t i o n 
2 . 9 f o r c o m m e n t s o n t h i s s t u d y ) . 
T h e w o r k o f t h i s t h e s i s h a s u s e d a n o n - i n t r u s i v e a n d o b j e c t i v e m e t h o d 
o f s t u d y i n g i n f a n t s u c k i n g on t h e b r e a s t t o d e v e l o p s e n s i t i v e a n d r e l i a b l e 
m e a s u r e s o f c h a r a c t e r i s i n g s u c k i n g b e h a v i o u r i n o r d e r t o p r o v i d e d e s c r i p t i v e 
d a t a on n o r m a l b r e a s t f e e d i n g . R e l i a b l e , n a t u r a l i s t i c s t u d i e s o f t h i s . k i n d 
a r e b a d l y n e e d e d I n o r d e r t o p u t i n t o c o n t e x t a n d p r o p e r f o c u s t h e l a r g e 
b o d y o f w o r k . o n i n f a n t s u c k i n g w h i c h r e l a t e s l a r g e l y t o b o t t l e f e e d i n g . 
T h e b a b y ' s s u c k i n g b e h a v i o u r m u s t be r e l a t e d t o t h e m o t h e r ' s l a c t a t i o n b e c a u s e 
i n many w a y s b r e a s t a n d b o t t l e f e e d i n g a r e n o t c o m p a r a b l e a c t i v i t i e s . F o r 
e x a m p l e , r u b b e r t e a t s a n d human n i p p l e s a r e v e r y d i f f e r e n t a n d t h e c h a n g e s i n 
t h e n i p p l e d u r i n g n u r s i n g c a n n o t be s i m u l a t e d ; n e i t h e r c a n t h e m e c h a n i s m o f 
m i l k e j e c t i o n . T h e t e x t u r e , c o m p o s i t i o n a n d t a s t e o f b r e a s t m i l k v a r i e s 
t h r o u g h a f e e d a n d o t h e r s t i m u l i , f o r e x a m p l e t a c t i l e s t i m u l i , a r e m o r e v a r i e d 
i n b r e a s t f e e d i n g . T h i s t h e s i s g o e s some o f t h e way t o w a r d s c l a r i f y i n g t h e 
r e l a t i o n s h i p b e t w e e n t h e b o d i e s o f k n o w l e d g e on b r e a s t a n d b o t t l e f e e d i n g , b u t 
m u c h f u r t h e r w o r k i s n e e d e d . 
R e g r e t t a b l y i t w a s n o t p o s s i b l e s i n g l e - h a n d e d t o i n c l u d e s i m u l t a n e o u s 
o b s e r v a t i o n s o f t h e m o t h e r ' s b e h a v i o u r , a l t h o u g h i t i s a c k n o w l e d g e d t h a t 
i t may h a v e an i n f l u e n c e o n t h e b a b y ' s s u c k i n g p a t t e r n . S p e c i f i c a l l y , i t 
c o u l d i n f l u e n c e t h e p r o p o r t i o n o f t i m e s p e n t s u c k i n g a n d p a u s i n g s i n c e 
m o t h e r s o f t e n r e s p o n d t o a p a u s e i n s u c k i n g ( K a y , 1 9 7 7 ) . T h e p r i m a r y o b -
j e c t i v e h e r e w a s t o d e s c r i b e t h e i n f a n t ' s s u c k i n g d u r i n g b r e a s t f e e d i n g . 
F u t u r e s t u d i e s w o u l d do w e l 1 t o i n c o r p o r a t e o b s e r v a t i o n s o f t h e m o t h e r ' s 
b e h a v i o u r . 
153 
A g a i n , g i v e n t h i s o v e r a l l a i m o f t h e s t u d y , i t was n o t p o s s i b l e e i t h e r 
t o c h a r t a n y d e v e l o p m e n t a l c h a n g e s i n s u c k i n g , e s p e c i a l l y s i n c e a t t i m e s t h e r e 
was a s e r i o u s s h o r t a g e o f s u b j e c t s . T h e r e was no s u b - g r o u p i n g o r s c r e e n i n g 
o f i n f a n t s a c c o r d i n g t o a g e a n y m o r e p r e c i s e l y t h a n t h a t t h e l a c t a t i o n was 
e s t a b l i s h e d a n d t h a t t h e i n f a n t s w e r e r e c e i v i n g " a l 1 o r m o s t o f t h e i r f o o d i n 
t h i s w a y . T h e i n f a n t s w e r e m a i n l y I - 3 m o n t h s o l d ( s e r v i n g i n c i d e n t a l l y 
p e r h a p s t o r e d e e m t h e b a l a n c e i n t h e l i t e r a t u r e , w h i c h r e f e r s m a i n l y t o 
n e w b o r n s ) . A d e v e l o p m e n t a l s t u d y a l o n g t h e l i n e s g i v e n b e l o w w o u l d be a p r i o r i t y 
f o r f u t u r e w o r k . 
T h e r e a r e a l r e a d y some i n d i c a t i o n s a s t o t h e t y p e o f c h a n g e s w h i c h m i g h t 
be f o u n d . W r i g h t , F a w c e t t a n d C row ( I 9 8 O ) , i n a d e v e l o p m e n t a l s t u d y o f t h e 
d i f f e r e n c e s i n t h e f e e d i n g b e h a v i o u r o f b r e a s t a n d b o t t l e - f e d i n f a n t s , g i v e 
d a t a s h o w i n g a n i n c r e a s e i n w i t h i n - b u r s t s u c k i n g r a t e f r o m 1 w e e k t o 1 m o n t h t o 
2 m o n t h s o f a g e , b o t h a t t h e b e g i n n i n g a n d a t t h e e n d o f a b r e a s t f e e d . T h e 
b i g g e s t d i f f e r e n c e s a r e s e e n b e t w e e n 1 w e e k and 1 m o n t h , w i t h l i t t l e d i f f e r e n c e 
b e t w e e n 1 a n d 2 m o n t h s , s u g g e s t i n g t h a t t h e r a t e i n c r e a s e s d u r i n g t h e f i r s t 
f e w w e e k s b u t t h e r e a f t e r ( d u r i n g t h e p e r i o d s t u d i e d i n t h i s t h e s i s ) 
s t a b i 1 i s e s . 
I n a p a p e r b y D r e w e t t a n d Woo l r i d g e ( 1 9 7 9 ) t h e m o d a l I S l f o r a c o m p l e t e 
f e e d i n 5 - 8 d a y o l d b a b i e s i s 0 . 7 - 0 . 8 s e c o n d s , i n c o n t r a s t t o my c o r r e s p o n d i n g 
f i g u r e o f 0 . 5 - 0 . 6 s e c o n d s . H o w e v e r , e x a c t c o m p a r i s o n i s n o t p o s s i b l e b e c a u s e 
t h e m i l k f l o w r a t e s a r e n o t d e s c r i b e d a n d t h e f e e d s a r e much s h o r t e r t h a n t h o s e 
i n t h e p r e s e n t s t u d y . T h e s h o r t e r mean I S l i n t h i s t h e s i s m i g h t w e l l t h e r e f o r e 
r e f l e c t a l o n g e r p e r i o d o f ( f a s t e r ) s u c k i n g s e e n w i t h l o w f l o w r a t e s . I t i s o f 
i n t e r e s t t h a t t h e s e a u t h o r s g i v e a c u t - o f f p o i n t o f 1 .3 s e c o n d s b e t w e e n i n t e r v a l s 
r e p r e s e n t i n g w i t h i n - b u r s t s u c k i n g a n d p a u s i n g , w h i c h i s t h e same a s t h a t f o u n d 
i n t h i s s t u d y . T h i s , t h e r e f o r e , may n o t d e p e n d u p o n t h e a g e o f t h e b a b y . 
T h e s e t w o p a p e r s a r e i n a c c o r d w i t h W o l f f ' s f i n d i n g s w i t h b o t t l e f e e d i n g 
i n f a n t s ( I 9 6 8 , a , b ) . He d e s c r i b e s s u c k i n g r a t e i n c r e a s i n g w i t h a g e , f r o m a 
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mean I S I o f 1 .0 s e c o n d s a t 4 d a y s t o 0 . 7 s e c o n d s a t 3 m o n t h s f o r h i s n u t r i t i v e 
c o n d i t i o n , a n d f r o m 0 . 4 8 t o 0 . 4 l s e c o n d s o v e r t h e same p e r i o d f o r h i s n o n - n u t -
r i t i v e c o n d i t i o n . 
I t w o u l d seem t h e r e f o r e t h a t a b r o a d t r e n d s h o w i n g s u c k i n g r a t e s i n c r e a s i n g 
w i t h a g e , p a r t i c u l a r l y d u r i n g t h e f i r s t f e w w e e k s , h a s e m e r g e d s i n c e t h e w o r k 
o f t h i s t h e s i s w a s d o n e . T h e d e v e l o p m e n t a l s h i f t s i n t h e s e p a r t i c u l a r 
m e a s u r e s a r e n o t g r e a t , a n d c o u l d r e f l e c t i n p a r t d i f f e r e n c e s i n m i l k f l o w 
r a t e s d u r i n g t h e c o u r s e o f a l a c t a t i o n a n d t h e known c h a n g e s i n t h e c o m p o s i t i o n 
o f b r e a s t m i l k . D e t a i l i n g t h e i r m i n u t e c h a n g e s i s t h e r e f o r e f e l t t o be 
p e r h a p s o f s e c o n d a r y i m p o r t a n c e . 
H o w e v e r , i t w o u l d be o f i n t e r e s t t o s t u d y i n f a n t s ' c o m p l e t e s u c k i n g 
p a t t e r n s f r o m t h e e a r l i e s t f e e d s u s i n g t h e t e c h n i q u e s d e s c r i b e d i n t h i s 
t h e s i s . T h i s w o u l d i n c l u d e t h e p e r i o d o f e s t a b l i s h i n g l a c t a t i o n ( 4 - 8 w e e k s 
( l s b i s t e r , 1 9 5 ^ ) ) . F e e d s c o u l d be r e c o r d e d o n , f o r e x a m p l e , d a y s 1 , 2 , 3 , 4 , 
5 , 6 , 7 , 1 4 , 2 1 , 2 8 ; a n d t h e r e a f t e r a t m o n t h l y i n t e r v a l s t h r o u g h o u t t h e l a c t a t i o n . 
O t h e r f a c t o r s w h i c h c o u l d a l s o be r e c o r d e d i n c l u d e : 
O t h e r b e h a v i o u r o f t h e b a b y 
M i l k i n t a k e 
I n t r a - m a m m a r y d u c t p r e s s u r e 
S u b j e c t i v e r e p o r t s o f m i l k e j e c t i o n 
T h e b e h a v i o u r o f t h e m.o ther 
B l o o d o x y t o c i n a n d p r o l a c t i n l e v e l s 
I n o t h e r w o r d s , a t h o r o u g h s t u d y o f t h e p a t t e r n i n g o f m i l k f l o w and i t s 
a s s o c i a t e d p h y s i o l o g i c a l c h a n g e s i n t h e m o t h e r . 
B l o o d p r o l a c t i n l e v e l s i n women d e c l i n e s t e a d i l y a f t e r p a r t u r i t i o n 
( B o n n a r e t a l , 1 9 7 5 ) w i t h s u p e r i m p o s e d t r a n s i e n t i n c r e a s e s d u r i n g n u r s i n g . 
i t w o u l d be m o s t i n t e r e s t i n g t o t r y t o r e l a t e t h e b a b y ' s b e h a v i o u r t o t h e 
r e l e a s e o f p r o l a c t i n d u r i n g b r e a s t f e e d i n g . C e r t a i n p a t t e r n s o f s u c k i n g 
m i g h t , f o r e x a m p l e , be f o u n d t o be p a r t i c u l a r l y p o t e n t s t i m u l a t o r s o f 
p r o l a c t i n r e l e a s e . I t w o u l d be i n t e r e s t i n g a l s o t o s e e w h e t h e r i t i s t h e 
s t r o n g s u c k i n g i n t h e e a r l y p a r t o f t h e f e e d w h i c h m a x i m a l l y s t i m u l a t e s 
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p r o l a c t i n s e c r e t i o n o r w h e t h e r t h e f a c t o r wh i ch i s r e a l l y s i g n i f i c a n t in 
t a i l o r i n g m i l k p r o d u c t i o n t o t he b a b y ' s needs i s t he amount o f s u c k i n g done 
by a s t i l l - h u n g r y baby even when t h e r e i s l i t t l e o r no m i l k l e f t i n t he 
b r e a s t . A s a t i a t e d baby shows a d e c r e a s e i n o r a l b e h a v i o u r s a f t e r a b r e a s t 
f e e d ( W r i g h t , 1977) and t h i s p resumab ly i n c l u d e s l e s s " n o n - n u t r i t i v e " s u c k i n g . 
The r o l e o f s u c k i n g i n p r o m o t i n g o x y t o c i n r e l e a s e can a l s o be f i l l e d by 
m o u t h i n g o r l i c k i n g t h e b r e a s t , l e a n i n g on i t , e t c . , bu t t h i s does no t appear 
t o be t h e case f o r p r o l a c t i n r e l e a s e . 
As d i s c u s s e d i n S e c t i o n 1 . 2 , t h e amount o f p r o l a c t i n r e l e a s e d i s 
p r o p o r t i o n a l t o t he i n t e n s i t y and d u r a t i o n o f s u c k i n g , bu t the q u a n t i t i e s 
i n v o l v e d must change as l a c t a t i o n p r o g r e s s e s s i n c e i n t h e e a r l y days h i gh 
l e v e l s o f p r o l a c t i n a r e a s s o c i a t e d w i t h sma l l vo lumes o f m i l k whereas l a t e r 
on t h e o p p o s i t e i s t r u e . A p a r t i c u l a r l y i n t e r e s t i n g way t o s t u d y t h i s r e l a -
t i o n s h i p w o u l d be t o examine p r o l a c t i n l e v e l s d u r i n g tandem n u r s i n g , i . e . , when 
a c h i l d i s s t i l l b e i n g n u r s e d t h r o u g h o u t and beyond h i s m o t h e r ' s n e x t 
p r e g n a n c y . The m o t h e r ' s " b a s e l i n e " p r o l a c t i n l e v e l s and t he p r o l a c t i n 
r e l e a s e d i n response t o s u c k i n g by t h e two ch i I d r e n o f d i f f e r e n t ages cou ld 
be s t u d i e d . The vo lumes o f m i l k p roduced i n response t o a f a i r l y c o n s t a n t 
s u c k i n g s t i m u l u s supe r imposed on an i n c r e a s i n g " b a s e l i n e " l e v e l d u r i n g p r e g -
nancy wou ld l end an i n t e r e s t i n g p e r s p e c t i v e t o t h e r e l a t i o n s h i p between the 
s u c k i n g s t i m u l u s , t he amounts o f p r o l a c t i n r e l e a s e d , t h e s e n s i t i v i t y o f 
a l v e o l a r t i s s u e and t h e amount o f m i l k p r o d u c e d . One c o u l d a l s o s t u d y f i r s t 
and subsequen t ( o r b e t t e r s t i l l , t h e same woman i n s u c c e s s i v e l a c t a t i o n s ) 
t o see w h e t h e r t he p r o l a c t i n response i s d i f f e r e n t , i t i s g e n e r a l l y t h e 
case t h a t t h e m i l k "comes i n " more q u i c k l y in second and l a t e r l a c t a t i o n s 
( I s b i s t e r , 1 9 5 ^ ) , bu t w h e t h e r t h i s i s due e n t i r e l y t o more r e s p o n s i v e a l v e o l a r 
t i s s u e ( i t h a v i n g a l r e a d y been " p r i m e d " ) o r whe the r t h e p r o l a c t i n response i s 
somehow d i f f e r e n t i s n o t known. 
,.-V 
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I t wou ld be o f i n t e r e s t t o ex tend t h e s t u d i e s t o o t h e r cases o f r e -
l a c t a t i o n and t o cases o f n u l l i p a r o u s women p u t t i n g a d o p t i v e b a b i e s t o the 
b r e a s t ( a d o p t i v e l a c t a t i o n ) . I t i s n o t c e r t a i n how p r o l a c t i n l e v e l s b u i l d 
up f r o m a low " b a s e l i n e " i n response t o s u c k i n g . I t was r e g r e t t a b l y no t 
p o s s i b l e t o measure p r o l a c t i n l e v e l s d u r i n g t he r e l a c t a t i o n s t u d i e d in Chapter 
6 a l t h o u g h t h i s wou ld have p r o v i d e d v a l u a b l e s u p p l e m e n t a r y d a t a . 
O x y t o c i n l e v e l s d u r i n g human l a c t a t i o n a l s o r e q u i r e c o n s i d e r a b l e 
f u r t h e r s t u d y i n o r d e r t o e l u c i d a t e t h e e x t e n t o f t h e i r r o l e . Most o f the 
wo rk t o d a t e on t h e m i l k e j e c t i o n r e f l e x i s on o t h e r mammals, o r , i f on humans, 
has n o t combined d i r e c t r a d i o i m m u n o l o g i c a l assay o f o x y t o c i n l e v e l s in t he 
b l o o d o f l a c t a t i n g women w i t h t h e measurement o f m i l k e x p u l s i o n by such means 
as the r e c o r d i n g o f i n t ra -mammary p r e s s u r e (F r i edman , I96O; Cobo e t a l , 
1967) o r t h e woman's own s u b j e c t i v e s e n s a t i o n s o f l e t down and t h e o b s e r v a t i o n 
o f m i l k f l o w f r o m t h e n i p p l e ( I s b i s t e r , 1 9 5 ^ ) . The l a c k o f such d a t a i s i n 
no sma l l way r e l a t e d t o t h e d i f f i c u l t y o f d i r e c t o x y t o c i n measurement and the 
v e r y low b l o o d l e v e l s i n v o l v e d , and t o t h e t r a n s i e n t n a t u r e o f i t s r e l e a s e . 
T h e r e appea rs t o be e v i d e n c e f o r t he q u a n t a l r e l e a s e o f o x y t o c i n , o r 
a t l e a s t f o r t h e p u l s a t i l e r e l e a s e o f v a r i a b l e amounts d u r i n g s u c k l i n g i n 
women, as s u g g e s t e d by Cowie and T i n d a l ( 1 9 7 0 - For e x a m p l e , t h e most 
f a i t h f u l r e p r o d u c t i o n s o f t h e p r e s s u r e changes i n t h e mammary g l a n d d u r i n g 
n u r s i n g a r e p roduced by t h e i n t e r m i t t e n t i n j e c t i o n o f sma l l amounts o f o x y -
t o c i n (Cobo e t a l , 1967; C a l d e y r o - B a r c i a , 1969, q u o t i n g S i c a - B l a n c a e t a l , 
1 9 6 0 ) . T h i s p r o b a b l e t r a n s i e n t , p u l s a t i l e r e l e a s e , i . e . s e v e r a l m i l k 
e j e c t i o n s per f e e d , n e c e s s i t a t e s t h a t a t t e m p t s t o m o n i t o r o x y t o c i n r e l e a s e 
d u r i n g b r e a s t f e e d i n g i n v o l v e v e r y r a p i d and c o n t i n u o u s s e r i a l s a m p l i n g . 
I t i s no t known w h e t h e r m i l k e j e c t i o n r e g u l a r l y o c c u r s o n l y i n response 
t o t h e baby a c t u a l l y b e i n g on t h e b r e a s t and s u c k i n g o r l i c k i n g i t , o r 
e a r l i e r . The re a r e p l e n t y o f r e p o r t s f r o m women o f m i l k e j e c t i o n and 
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c o n s e q u e n t r e l e a s e o f m i l k o c c u r r i n g i n response t o f a c t o r s such as t h i n k i n g 
o f t h e f e e d o r h e a r i n g t h e i r baby c r y . ( C a l d e y r o - B a r c i a (1969) quo tes da ta 
f r o m S i c o - B l a n c o w h i c h shows t h e c r y o f a newborn t r i g g e r i n g an i n c r e a s e in 
t h e i n t r a -mammary p r e s s u r e o f t h e m o t h e r , b e g i n n i n g H m i n u t e s l a t e r ) . The 
c o n d i t i o n i n g o f m i l k r e l e a s e i s o f c o u r s e a w e l l - k n o w n phenomenon i n 
d a i r y i n g , and i t wou ld be v e r y i n t e r e s t i n g t o e s t a b l i s h whe the r i t o c c u r s 
i n humans a n d , i f s o , how usua l i t i s . 11 may even be t h a t the ease w i t h 
w h i c h l e t - d o w n i s c o n d i t i o n e d i s an i m p o r t a n t f a c t o r i n s u c c e s s f u l b r e a s t 
f e e d i n g ( i n w h i c h c a s e , b r e a s t f e e d i n g management s h o u l d p r o v i d e o p p o r t u n i t y 
f o r i t t o o c c u r ) . C o n d i t i o n i n g o f m i l k e j e c t i o n wou ld p r o b a b l y a l s o h e l p 
i n p r e v e n t i n g s o r e n i p p l e s , o f t e n caused by s u c k i n g , p a r t i c u l a r l y w i t h s u s t a i n e d 
n e g a t i v e p r e s s u r e , b e f o r e m i l k e j e c t i o n . I t wou ld be u s e f u l t o s t udy t h e 
p a t t e r n o f o x y t o c i n r e l e a s e f r o m t h e e a r l i e s t days o f l a c t a t i o n . 
Once one had b u i l t up a r e a s o n a b l y c l e a r p i c t u r e o f t h e p a t t e r n o f 
o x y t o c i n r e l e a s e d u r i n g normal l a c t a t i o n , i t wou ld t hen be o f c o n s i d e r a b l e 
b e n e f i t t o s t u d y i t s r e l e a s e , o r t h e l a c k o f i t , w i t h b r e a s t f e e d i n g 
d i f f i c u l t i e s . T h i s c o u l d pe rhaps be combined w i t h o b s e r v a t i o n s o f t h e s u c k i n g , 
and m i g h t i n d i c a t e how o f t e n b r e a s t f e e d i n g f a i l u r e due t o t he m i l k s u p p l y 
" d r y i n g u p " i s due t o t h e i n a d e q u a t e s t i m u l a t i o n o f t h e m i l k e j e c t i o n r e f l e x 
o r i t s i n h i b i t i o n by a n x i e t y (Newton and Newton, 1 9 6 7 ) . Many women e x p e r i e n c e 
d i f f i c u l t y i n e s t a b l i s h i n g l a c t a t i o n d e s p i t e a d e s i r e t o do s o ; in f a c t i t 
i s no t d i f f i c u l t t o imag ine t h a t an o v e r - a n x i o u s mother keen t o " s u c c e e d " 
c o u l d b r i n g abou t a t e n s e s i t u a t i o n i n w h i c h m i l k e j e c t i o n i s b l o c k e d . 
To r e t u r n t o t he f i n d i n g s o f t h i s t h e s i s , m i l k f l o w r a t e i s found t o be 
a r e l i a b l e and c o n s i s t e n t p r e d i c t o r o f s u c k i n g p a t t e r n ( e s p e c i a l l y o f s u c k i n g 
r a t e ) . T h i s c o r r e l a t i o n does no t o f c o u r s e i n d i c a t e w h i c h i s i n f l u e n c i n g 
w h i c h . T h e r e i s much e v i d e n c e f r o m s p e c i a l l y c o n t r i v e d s i t u a t i o n s t h a t 
i n f a n t s can i n t e n t i o n a l l y v a r y s u c k i n g p a r a m e t e r s . For examp le , K a l n i n s 
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and B r u n e r ' s s t u d y (1973) where i n f a n t s suck t o b r i n g a p i c t u r e back i n t o 
f o c u s ; and t h e work o f Eimas (1975) where i n f a n t s m o d i f i e d t h e i r s u c k i n g 
r a t e t o hear more o f p a r t i c u l a r a d u l t p h o n e t i c sounds . 
T h i s a b i l i t y o f t h e i n f a n t t o m o d i f y s u c k i n g p a t t e r n s i s i m p r e s s i v e , 
and l eads us t o ask why he s h o u l d be a b l e t o do t h i s , and what t h e p a r a l l e l 
c o u l d be i n f e e d i n g . O r , i f t h e r e i s no p a r a l l e l , what t h i s a b i l i t y cou ld be 
a s i d e - e f f e c t o f . For e x a m p l e , as p r e v i o u s l y d i s c u s s e d , p a r t i c u l a r 
s u c k i n g p a t t e r n s when t h e baby i s p r o p e r l y " f i x e d " on t h e b r e a s t c o u l d be 
e s p e c i a l l y e f f e c t i v e i n c a u s i n g t h e r e l e a s e o f p r o l a c t i n and o x y t o c i n , o r 
c o u l d be used by t h e baby t o r e g u l a t e h i s i n t a k e . i t seems t h a t b r e a s t -
f e d b a b i e s a l r e a d y have more o p p o r t u n i t y t o r e g u l a t e t h e i r i n t a k e t han do b o t t l e 
f e d i n f a n t s , shown i n a s t u d y by W r i g h t , Fawce t t and Crow ( I 9 8 O ) , o f t h e 
i n f a n t ' s c a p a c i t y t o e x p r e s s s a t i e t y b e h a v i o u r a l l y . In Chapter 7 , pause 
l e n g t h was seen t o have more r e l a t i o n t o t h e b a b y ' s s a t i e t y and f a t i g u e t h a n 
w i t h t h e m i l k f l o w r a t e . I t t h e r e f o r e seems t h a t pause l e n g t h i s used i n 
a r e g u l a t o r y way ( i . e . i s a r e f l e c t i o n o f s a t i e t y ) . 
Hovyever, t h e r e i s no c o n c l u s i v e e v i d e n c e t h a t s u c k i n g p a t t e r n i s used 
by t h e baby t o c o n t r o l i n t a k e , and b e a r i n g i n mind t h e l a r g e l i t e r a t u r e on 
t h e i n f l u e n c e o f f l u i d i n t h e mouth on s u c k i n g , i t i s more r e a s o n a b l e t o 
suppose t h a t i t i s m i l k f l o w r a t e w h i c h d e t e r m i n e s s u c k i n g p a t t e r n ( p a r t i c u l a r l y 
s u c k i n g r a t e ) r a t h e r t h a n t h e o t h e r way a r o u n d . However, t he two a re n o t 
e n t i r e l y m u t u a l l y e x c l u s i v e e x p l a n a t i o n s and the same e x p l a n a t i o n need no t 
be t r u e f o r a l l s u c k i n g p a r a m e t e r s i n a l l s i t u a t i o n s . The idea put f o r w a r d 
by Kaye (1977) t h a t pauses s e r v e as an o p p o r t u n i t y f o r t u r n - t a k i n g and d i a l o g u e 
i s a t t r a c t i v e and p l a u s i b l e , a l t h o u g h t h e r e is no f i r m e v i d e n c e t h a t t he i n f a n t 
does so d e l i b e r a t e l y . 
I f i t i s t hen t h e q u a n t i t y o f t he f l u i d i n t h e mouth w h i c h appears t o 
c o n t r o l s u c k i n g , t h e c o r r e l a t e d changes i n m i l k t e x t u r e and c o m p o s i t i o n d u r i n g 
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b r e a s t f e e d i n g c a n n o t be r u l e d o u t as t h e agent o f t h e s e changes . A l t h o u g h , as 
i t i s a r g u e d i n S e c t i o n 7 - ^ , m i l k f l o w r a t e i s the more l i k e l y c o n t e n d e r . 
U n f o r t u n a t e l y n e i t h e r t he a v a i l a b i l i t y n o r the c o m p o s i t i o n o f t h e m i l k r e c -
e i v e d d u r i n g b r e a s t f e e d i n g can be v a r i e d w h i l e t h e o t h e r i s kep t c o n s t a n t . 
The q u e s t i o n o f t h e i r i n d i v i d u a l e f f e c t s s h o u l d t h e r e f o r e be approached 
t h r o u g h a s t u d y o f t h e e f f e c t s o f e x p r e s s e d b r e a s t m i l k f e d t o t h e baby 
t h r o u g h b o t t l e f e e d i n g a p p a r a t u s . The m i l k cou ld be c e n t r i f u g e d t o produce 
m i l k s w i t h p a r t i c u l a r p r o p o r t i o n s o f l i p i d . Such p r o c e d u r e s wou ld however 
have t he g r a v e d i s a d v a n t a g e o f c h a n g i n g t h e system o f m i l k d e l i v e r y and 
t h e r e b y a l s o p r o b a b l y c h a n g i n g t h e b a b y ' s r esponse . T h i s e x p e r i m e n t wou ld 
a l s o be a t e s t o f H a l l ' s h y p o t h e s i s (1975) t h a t t h e r i s e i n the l i p i d c o n t e n t 
o f b r e a s t m i l k a c t s as a cue w h i c h e n a b l e s the baby t o o b t a i n t h e a p p r o p -
r i a t e b a l a n c e o f c a l o r i e s and f l u i d . 
P r i o r i t y s h o u l d be g i v e n t o s t u d y i n g t h e i n f a n t ' s a b i l i t y t o d e t e c t 
changes i n t h e l i p i d c o n t e n t o f f l u i d . Much i s known a b o u t t h e c h o i c e o f 
s w e e t n e s s , s o u r n e s s , e t c . , bu t v e r y l i t t l e o f t he e f f e c t s o f o t h e r t a s t e s and 
f l a v o u r s w h i c h have r e l e v a n c e f o r b r e a s t f e e d i n g . P o s s i b l y C r o o k ' s 
(1978) method u s i n g s m a l l q u a n t i t i e s o f f l u i d c o u l d be u s e d , s i n c e t h e r e a r e 
p r o b l e m s i n o b t a i n i n g l a r g e q u a n t i t i e s o f b r e a s t m i l k . In a d d i t i o n , the same 
methods c o u l d be used t o s t u d y t h e s u c k i n g p a t t e r n s o f i n f a n t s r e c e i v i n g , f o r 
e x a m p l e , s t e r i l i z e d c o w ' s m i l k humanised t o v a r i o u s d e g r e e s , and f l u i d s 
c o n t a i n i n g v a r i o u s c o n s t i t u e n t s o f human m i l k , s i n g l y and i n c o m b i n a t i o n . 
The a c t u a l e f f e c t s o f d i f f e r e n t f l u i d s pe r se and o f t h e i r c o n s t i t u e n t 
e l e m e n t s c o u l d then be teased a p a r t . 
I t w o u l d be i n t e r e s t i n g t o examine b r e a s t f e e d i n g newborns , who r e c e i v e 
p r o b a b l y q u i t e sma l l amounts o f c o l o s t r u m , wh i ch has l ess l i p i d than mature 
m i l k . 
T h e r e i s need f o r work o f t h e k i n d p r e s e n t e d he re on o t h e r n u r s i n g 
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mammals, p a r t i c u l a r l y o t h e r p r i m a t e s , who e x h i b i t e d " n u t r i t i v e " s u c k i n g r a t e s 
v e r y s i m i l a r t o t h o s e o f human b a b i e s on W o l f f ' s b o t t l e f e e d i n g appa ra tus 
( W o l f f , 1 9 6 8 ) . T h i s w o u l d p r o v i d e a b a s i s f o r sounder compar i sons between 
t h e human and o t h e r s p e c i e s so t h a t i t wou ld be p o s s i b l e t o e v a l u a t e the 
e x t e n t t o w h i c h human s u c k i n g i s t r u l y u n i q u e . A l l t h e work done on o t h e r 
s p e c i e s has used b o t t l e f e e d i n g a p p a r a t u s , and t h e r e a r e no n a t u r a l i s t i c 
s t u d i e s o f s u c k i n g p a t t e r n s d u r i n g n u r s i n g on t h e m o t h e r . The q u e s t i o n 
asked i n t h e p a s t has been why humans s h o u l d have two modes o f s u c k i n g , 
n u t r i t i v e and n o n - n u t r i t i v e , as opposed t o one " a l l - p u r p o s e " mode, bu t i t 
now seems t h a t what may r e q u i r e e x p l a n a t i o n i s r a t h e r why humans shou ld have 
e v o l v e d such a r e m a r k a b l y s e n s i t i v e and c o n s i s t e n t g raded response t o 
d i f f e r i n g m i l k f l o w r a t e s . 
The p r o p e r d a t a does n o t y e t e x i s t on w h i c h t o base any s t a t e m e n t 
t h a t human s u c k i n g i s more r e s p o n s i v e t h a n t h a t o f o t h e r mammals t o e x t e r n a l 
o r p e r i p h e r a l f a c t o r s . I t may be t h a t o t h e r s p e c i e s show c o n s i d e r a b l e 
p l a s t i c i t y o f response when c o n d i t i o n s a r e s u i t a b l e f o r i t s e x p r e s s i o n , 
f o r example when n u r s i n g on t h e m o t h e r . 
However , i f one i s t o s e a r c h f o r an e x p l a n a t i o n o f t h e p l a s t i c i t y o f 
human s u c k i n g , one p o s s i b l e v a l u e o f i t c o u l d f o l l o w f r o m c o n s i d e r a t i o n s o f 
t h e d e v e l o p i n g c a p a b i l i t i e s o f t h e c h i l d . REM s l e e p i n t he f o e t u s i s 
t h o u g h t t o app roach 100% o f a l l s l e e p , i n the newborn i t o c c u p i e s h a l f t he 
t o t a l s l e e p and a t t h r e e months i t f a l l s t o one t h i r d . S u b s e q u e n t l y i t 
c o n t i n u e s t o f a l l a t a more g r a d u a l r a t e i n t o a d u l t h o o d . One s u g g e s t i o n as 
t o why t h i s s h o u l d be so ( R o f f w a r g , Muz io and Dement, I 9 6 6 ) , i s t h a t REM 
s l e e p , w i t h i t s l a r g e i n c r e a s e i n n e u r o n a l a c t i v i t y in t he b r a i n , p r o v i d e s 
s t i m u l a t i o n f r o m w i t h i n , w h i c h may be e s s e n t i a l f o r t h e normal g r o w t h and 
d e v e l o p m e n t o f t h e b r a i n when t h e r e i s l i t t l e o r no e n v i r o n m e n t a l s t i m u l a t i o n . 
T h i s a l s o p r o v i d e s " p r a c t i c e " f o r t h e b r a i n so t h a t when e x t e r n a l s t i m u l a t i o n 
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i n c r e a s e s , i t w i l l be a b l e t o dea l w i t h i t . I n o t h e r w o r d s , t h e immature 
CNS i s " a n t i c i p a t i n g " and " p r e p a r i n g f o r " i t s f u t u r e a c t i v e r o l e l ong b e f o r e 
such c a p a b i l i t i e s a r e a c t u a l l y r e q u i r e d . 
T r e v a r t h e n (1977) d e s c r i b e s how t h e o rgans o f g r o w i n g , immature 
o r g a n i s m s u s u a l l y have i n t r i n s i c o r g a n i s a t i o n i n excess o f t h e i r e s s e n t i a l . 
f u n c t i o n s a t t h a t t i m e , t h i s p r e f u n c t i o n a l deve lopment o f p a r t s h e l p i n g t o 
" d r i v e " d e v e l o p m e n t . C o o r d i n a t i o n o f f a c i a l musc les by n e u r a l pa thways i s 
v e r y good f r o m t h e f i r s t days o f l i f e . In f a c t i t I s f a r more advanced than 
t h a t o f o t h e r m u s c l e s , such as t h o s e o f t h e hands. Speech r e q u i r e s e x c e e d i n g l y 
r e f i n e d c o o r d i n a t i o n o f t h e musc les o f t h e t o n g u e , l i p s and t h r o a t as w e l l 
as o f c h e s t and v o c a l c h o r d s . The human f a c e has been c a l l e d t h e most e x -
p r e s s i v e o r g a n in c r e a t i o n , h a v i n g a huge range o f e x p r e s s i o n ; an a b i l i t y 
w h i c h r e q u i r e s a v e r y h i g h l e v e l o f c o o r d i n a t i o n o f t h e f a c i a l m u s c l e s . 
Cou ld t h e r e be a p a r a l l e l w i t h t he sugges ted advan tage o f REM s l eep 
I t o t h e immature b r a i n i n t h e v a l u e o f s u c k i n g f o r subsequent speech and f a c i a l 
^ e x p r e s s i o n ? Where t h e o r g a n i s a t i o n o f a s y s t e m , - m u s c l e s , n e u r a l pa thways , 
e t c . - i s s e t up i n advance o f t h e o r g a n i s m ' s c a p a c i t y t o u t i l i z e i t 
( i n t h i s c a s e , f o r s p e e c h ) , i t i s p l a u s i b l e t h a t v a r i e d , r e s p o n s i v e s u c k i n g 
m i g h t be p r o v i d i n g s t i m u l a t i o n t o m a i n t a i n the v e r y l a r g e masses o f n e u r a l 
t i s s u e d e v o t e d t o t h e f a c i a l a rea w h i c h a r e not y e t d i r e c t l y i n v o l v e d i n 
t h e i r f u l l range o f m o t o r and s e n s o r y r e a c t i o n s . T h i s e x p l a n a t i o n wou ld 
p r o v i d e a sound reason f o r d i f f e r e n c e s i n t h e s u c k i n g o f human i n f a n t s compared 
w i t h t h a t o f a l l o t h e r mammals. 
C e r t a i n l y , t h e r e i s e v i d e n c e w h i c h sugges ts t he Impor tance o f o r a l 
f e e d i n g e x p e r i e n c e f o r mo to r deve lopmen t i n g e n e r a l . D o w l i n g and DeMon te r i ce 
(197**) o b s e r v e d f i v e c h i l d r e n w i t h u n r e p a i r e d oesophagea l a t r e s i a f r o m 
b i r t h f o r p e r i o d s o f f r o m 8 months t o 9 y e a r s . The t h r e e who were f ed o n l y 
v i a gas t ronomy tubes and whose o r a l e x p e r i e n c e was v e r y d e f i c i e n t f r o m b i r t h 
had s e v e r e mo to r r e t a r d a t i o n and were g e n e r a l l y much l e s s r e s p o n s i v e t o t h e i r 
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s u r r o u n d i n g s . In s h a r p c o n t r a s t , t h e two who r e c e i v e d a w i d e range o f o r a l 
e x p e r i e n c e i n c l u d i n g sham f e e d s o f m i l k and baby foods (wh i ch d r a i n e d t h r o u g h 
an oesophagos tomy) were normal i n e v e r y r e s p e c t . 
The v i e w o f human s u c k i n g i s now one o f s u c k i n g b a s i c a l l y o r g a n i s e d i n 
one mode ( t h e " n o n - n u t r i t i v e " ) , w i t h p r o g r e s s i v e i n c r e a s e s i n f l o w r a t e , t a s t e , 
e t c . m o d i f y i n g i t t o p roduce a range o f " n u t r i t i v e " r h y t h m s . To accommodate 
t h e c o n s i d e r a b l e p l a s t i c i t y d e m o n s t r a t e d , t h e concep t o f dual CNS o s c i l l a t o r y 
c e n t r e s c o n t r o l l i n g two modes o f s u c k i n g ( " n u t r i t i v e " and " n o n - n u t r i t i v e " , 
W o l f f , 1968 , 1 9 7 3 ) , has g i v e n way t o t h e concep t o f one o s c i 1 1 a t o r w h i c h s e t s 
t h e pace o f s u c k i n g . T h i s o s c i l l a t o r i s v e r y r e s p o n s i v e t o f eedback f r o m 
b o t h i n t e r n a l and e x t e r n a l cues w h i c h v a r y the r a t e and o v e r a l l p a t t e r n o f 
s u c k i n g . 
A n o t h e r a s p e c t o f s u c k i n g w h i c h m e r i t s f u r t h e r s t u d y i s t h e i n t e n s i t y 
o f s u c k i n g and t h e r a t i o o f p o s i t i v e and n e g a t i v e p r e s s u r e s e x e r t e d by t h e 
baby . T h i s c o u l d be s t u d i e d d u r i n g b r e a s t f e e d i n g u s i n g a t ube t a p e d t o 
t h e n i p p l e , as d i d A r d r a n and Kemp ( 1 9 5 9 ) , who found t h a t " a f t e r some m i n u t e s 
o f f e e d i n g t h e p r e s s u r e ( i n t h e mouth) d i d no t f a l l so low as i t d i d i n i t i a l l y 
and peaks o f p o s i t i v e p r e s s u r e appea red more f r e q u e n t l y . " T h i s echoes f i n d i n g s 
w i t h b o t t l e f e e d i n g a p p a r a t u s (Dubignon and C a m p b e l l , 1969 ; see S e c t i o n 2 . 1 0 ) . 
A s y s t e m a t i c s t u d y o f t h e p o s i t i v e and n e g a t i v e p r e s s u r e components 
o f s u c k i n g t h r o u g h o u t a f e e d combined w i t h o t h e r t e c h n i q u e s as sugges ted 
e a r l i e r i n t h i s c h a p t e r m i g h t w e l l show t h a t d i f f e r e n t r a t i o s a r e d i f f e r -
e n t i a l l y e f f e c t i v e i n e l i c i t i n g o x y t o c i n and p r o l a c t i n r e l e a s e . I t wou ld 
be i n t e r e s t i n g t o see w h e t h e r t h e r a t i o i s the same a t t h e b e g i n n i n g o f a 
f e e d , b e f o r e m i l k e j e c t i o n , and a t t h e e n d , when t h e baby i s a g a i n i n g e s t i n g 
l i t t l e o r n o t f l u i d . One can s p e c u l a t e t h a t d i f f e r e n t s u c k i n g p a t t e r n s may 
a c t u a l l y be a s s o c i a t e d w i t h d i f f e r e n t r a t i o s , f o r e x a m p l e , s l o w e r r a t e s 
o f s u c k i n g c o u l d r e f l e c t g r e a t e r s u c t i o n p r e s s u r e ; and t h e m a n i p u l a t i o n 
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o f p o s i t i v e / n e g a t i v e r a t i o s c o u l d a f f o r d t he baby c o n t r o l o v e r t h e r a t e o f 
m i l k i n g e s t i o n . 
The re a r e c e r t a i n c l i n i c a l i m p l i c a t i o n s f o l l o w i n g f r o m the work i n t h i s 
t h e s i s . For e x a m p l e , t h e case s t u d y i n Chap te r 6 c l e a r l y demons t ra tes t he 
p o s s i b i l i t y o f r e l a c t a t i n g a f t e r a c o u r s e o f b r o m o c r i p t i n e t o suppress l a c t a t i o n , 
I f t h e I n h i b i t i o n o f t h e m i l k e j e c t i o n r e f l e x I s an i m p o r t a n t cause o f 
p r o b l e m s In b r e a s t f e e d i n g , a n o n - i n t r u s i v e method o f a s s e s s i n g m i l k f l o w wou ld 
be o f c o n s i d e r a b l e v a l u e . A l t h o u g h i t cannot be an a b s o l u t e g u i d e as the 
e x t r e m e s o f r h y t h m i c , s l o w s u c k i n g w i t h few pauses and f a s t s u c k i n g w i t h 
more f r e q u e n t p a u s i n g do o v e r l a p , o b s e r v a t i o n o f s u c k i n g p a t t e r n s can 
p r o v i d e u s e f u l c o r r o b o r a t i v e s u p p o r t t o t h e m o t h e r ' s and . the a t t e n d a n t s ' 
o b s e r v a t i o n s o f " p r o p e r " s u c k i n g . . I t can perhaps p r o v i d e a q u i c k g u i d e as 
t o wha t t o l o o k o u t f o r . 
One p r a c t i c a l use f o r t h e s e methods t h a t has a l r e a d y been p roved i s 
i n t h e d e s i g n o f n i p p l e s h i e l d s , w h i c h a r e used t o improve e v e r s i o n o f p o o r l y -
f o rmed n i p p l e s and t o p r o t e c t so re o r c racked ones . Wool r i d g e , Baum and 
D r e w e t t ( I 98O) have shown t h a t a t h i n , l a t e x n i p p l e s h i e l d des igned so t h a t 
no rma l s u c k i n g p a t t e r n s a r e m i n i m a l l y d i s r u p t e d i s more a c c e p t a b l e t o t h e 
baby and i n t e r f e r e s l e s s w i t h m i l k t r a n s f e r t han t h e c o n v e n t i o n a l t h i c k , 
r u b b e r " M e x i c a n h a t " . R e l a t e d t o t h i s i s t he deve lopment o f a new sys tem, 
w h i c h w i l l e n a b l e t h e measurement o f m i l k f l o w d u r i n g b r e a s t f e e d i n g t o be 
combined w i t h p e r i o d i c s a m p l i n g o f t h e m i l k , i n w h i c h one o f the components 
i s a m o d i f i e d t h i n n i p p l e s h i e l d . T h i s p r o m i s i n g new t e c h n i q u e shou ld 
c a s t much l i g h t upon t h e d e t a i l e d i n t e r - r e l a t i o n s h i p s between m i l k f l o w r a t e , 
m i l k c o m p o s i t i o n and s u c k i n g p a t t e r n s . I t may even a l l o w an i n p u t o f b r e a s t 
m i l k l i p i d t o e n r i c h t h e m i l k e n t e r i n g t h e baby ' s mou th , t h e r e b y p r o v i d i n g 
t h e o n l y s a t i s f a c t o r y e v a l u a t i o n o f t h e " H a l l h y p o t h e s i s " (see a b o v e ) . 
I t I s t o be hoped t h a t t h e c l i n i c a l v a l u e o f s u c k i n g p a t t e r n s 
I6it 
as an i ndex o f t h e e f f e c t s o f p e r i n a t a l f a c t o r s such as m e d i c a t i o n t r a n s f e r r e d 
f r o m t h e m o t h e r ' s c i r c u l a t i o n and perhaps a l s o as a p r e d i c t o r o f c e r t a i n 
a s p e c t s o f subsequen t deve lopmen t can be d e v e l o p e d . T h i s i s an a rea as 
y e t b a r e l y touched u p o n , and a more p r e c i s e d e s c r i p t i o n o f normal s u c k i n g 
p a t t e r n s and improved t e c h n i q u e s o f a n a l y s i s such as p r e s e n t e d here m igh t 




Mean IS I t h r o u g h t h e f i r s t h a l f -























Mean pause l e n g t h t h r o u g h the 
f i r s t h a l f - f e e d (seconds) 
JA _1_B J_C 
EB 2 .25 2 . 9 ^ 3 .58 
AC 2 .67 3 .60 5 .29 
MC 1 .51 2 . 0 4 2 .25 
AF 2 .55 1.52 5 .11 
LF 1.57 1.86 2 .28 
Mean b u r s t l e n g t h t h r o u g h t h e 
f i r s t h a l f - f e e d (seconds) 
Mean no . s u c k s / b u r s t t h r o u g h 
the f i r s t h a l f - f e e d 
JA i l i c 
EB 15-00 8 .06 4 .63 EB 
AC 5 .69 9 .40 5 .85 AC 
MC 5 .35 6 .83 6 .62 MC 
AF 12.11 81 .81 4 . 8 4 AF 















8 . 9 
11.1 
9 .8 
% p a u s i n g t i m e t h r o u g h t h e 








3 1 . 0 
2 2 . 3 
15 .4 
6 . 0 
JB 
2 5 . 9 
2 7 . 2 
2 1 . 3 
1 .2 
16 .7 
3 5 . 2 
45 .1 
2 5 . 5 
4 5 . 2 


















































Mean b u r s t l e n g t h ( seconds ) Mean no . s u c k s / b u r s t 
JA 2A 
EB 15.02 5 .74 EB 
AC 7 .95 9 .71 AC 
MC 5 .35 4 . 2 4 MC 
HD 33 .45 4 . 0 3 HD 
AF 12.11 106.69 AF 
LF 22 .01 13.75 LF 

















p a u s i n g t i m e 
JA 2A 
EB 11.1 3 5 . 5 
AC 2 3 . 8 3 2 . 8 
MC 2 2 . 3 30 .7 
HD 11.3 4 5 . 8 
AF 15.4 0 .7 
LF 6 . 0 12.9 




Mean i n t a k e / s u c k (g) Mean ISI (seconds) 
XL 2A 
LF 0 .00 0 .13 LF 0 .69 
SM 0.03 0 .33 SM 0.59 
DR 0.1 1 0 .35 DR 0.79 
SR Q . O k 0 .24 SR 0.48 
CS 0 . 0 ^ 0 .15 CS 0.58 
MS 0 .03 0 .09 MS 0.60 
MW 0.05 0 .22 MW 0.66 
RW 0 ,06 0 .26 RW 0.65 
Mean pause l e n g t h (seconds) Mean b u r s t 
2A 
LF 2 . 3 8 1.44 LF 
SM 3 .74 4 . 4 9 SM 
DR 2 .81 2 . 9 3 DR 
SR 0 .0 3 .21 SR 
CS 7 .13 2 . 2 4 CS 
MS 3 . 6 6 2 . 6 8 MS 
MW 3 .10 2 . 6 8 MW 




























Mean n o . s u c k s / b u r s t 
_1_F 2A 
LF 3 .03 7 .42 
SM 2 . 1 4 2 .93 
DR 2 ,21 2 .10 
SR 4 . 3 5 7 .38 
CS 2 . 3 7 2 .81 
MS 2 . 6 8 2 . 9 7 
MW 3 .22 2 . 7 6 
RW 3 .08 3 .11 
^ paus ing t i m e 
j_F 2A 
LF 2 9 . 2 3 .4 
SM 63 .0 39 .2 
DR 4 4 . 9 45 .1 
SR 0 5 .9 
CS 72 .1 26 .8 
MS 4 7 . 8 31 .4 
MW 3 2 . 2 33 .4 




Mean iS I ( seconds) 
Mean pause l e n g t h (seconds) 
0.08' 0 .16 0 .24 ( m l / s u c k ) 0 .08 0 .16 0.24 ( m l / s u c k ) 
MC 0 .64 0 .58 0 .68 MC 5 .27 6 .37 7 .19 
JT 1.03 0 .99 1 .02 JT 3.71 3 .08 5.13 
LD 0 .69 0 .75 0 .63 LD 3.42 5.35 6 .24 
SW 0 .74 0.83 0 .80 SW 3.44 6 .33 4 .77 
BC 0 .78 0 .76 0 .86 BC 4.91 4 .40 4 .04 
CF 0.63 0 .74 0 .69 CF 6 .94 3 .50 5 .68 
Mean b u r s t 1ength ( seconds ) Mean no s u c k s / b u r s t 
0 .08 0 .16 0 .24 ( m l / s u c k ) 0 .08 0 .16 0 .24 ( m l / s u c k ) 
MC 2 . 5 0 0 .98 0 .66 MC 4 .5 2 .3 2 .0 
JT 2 . 8 9 0 .78 1.58 JT 3 .8 1.8 2 .5 
LD 8 .32 1.19 1.33 LD 14.0 3 .0 3 .0 
SW 4 . 4 7 1.13 3 .54 SW 6 .7 2 .4 5.1 
BC 3 .51 1.40 2 .93 BC 6 .5 2 .9 5 .2 
CF 0 .28 1.96 0 .92 CF 1.3 3 .4 2 .0 
% p a u s i n g t ime 
0 .08 0 .16 0 .24 ( m l / s u c k ) 
MC 6 5 . 3 8 0 . 6 8 9 . 5 
JT 5 3 . 2 63 .3 7 4 . 3 
LD 2 6 . 8 76 .0 80 .5 
SW 4 1 . 3 80 .1 42 .3 
BC 5 2 . 6 6 0 . 6 4 3 . 2 
CF 8 4 . 2 61 .6 8 3 . 8 
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